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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

. - cosT

PHYSICAL DATA ON CERTAIN ALLOYS FOR
HIGH TEMPERATURE APPLICATIONS

By A. E. White, J. W. Freeman, and F. B. Rote

SUMMARY

The data given in this report constitute a summary of the
physical properties of 120 samples of metal alloys, representing
86 different compositions which have been investigated for their
guitability as turbosupercharger wheel materials. The reported
data include the chemical composition, fabrication procedure,
tensile-test and hardness values at room temperature, and tensile
and rupture-test characteristics at 1200° F. Comments of contribu-
tors of the test materials concerning the workability and machin-
ability of the alloys have been included.

Since the data obtalned are very extensive, comparison sheets,
given in Figures 1, 2, and 3, are included. In these sheets the
chemical analyses, processing procedures, hardness values, yield
strengths at room temperature, stresses for rupture in 100 and
1000 hours at 1200° F., and ductility characteristics are presented
in a manner which permits comparison of the properties of the various
alloys.

INTRODUCTION

In October, 1941 the National Advisory Committee for Aero-
nauticg retained the Department of Engineering Research of the
University of Michigan to conduct an experimental metallurgical
investigation to find improved materials for use in exhaust gas
turbines. The Committee also appointed a Special Subcommittee on
Metals for Turbosupercharger Wheels and Bucksts which is charged
with directing the Cormittee's activities in the field. The member-
ship of the Subcommittee 1s as follows:

Mr. W. L. Badger, General Electric Company, Chalrman

. Lewis S. Bergen, Cruclble Steel Company

V. Browvne, Allegheny Ludlum Steel Corporation

C. T. Evans, Jr., Universal-Cyclops Steel Corporation
Russell Franks, Union Carbide & Carbon Research Labo-
ratories, Inc.
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Dr. Mavcus A. Grossmann, Cc%negie-Illincis Stee}p Corporation
Dr. George W. Lewis, NACA (ex officio)
Mr, Russell G. Robinson, NACA (ex officioc)

An advance confidential report entitled "Physical Data on
Certain 4lloys for High Temperature Applications” s compiled by
the Coocrdination O0ffice of the Natlonal Advisory Committee for Aero-
nantics in October, 1842 vased upon data obtained by the University
of Michigen up to that tims. Nitrogen analysee have been made for
several of the materials presented in the Octcber, 1942 report, and
in addition the names of several of the allcys have been changed to
prevent confusing them with materials tested later in the progran.
For these reasons it was believed advisabls to include in this pres-
ent veport all materials that have been tested at the Universgity of
Michigan in this research. Thereforc this present report supersedes
.the report prepared by the Committee in October, 1942,

The investigation is being conducted for the purpose of devel-
oping allcys with the best possible combination of load-carrying
ability at 1200° F., and yisld strength at room temperature, Thece
qualities were selected since they are indicative of the properties
required in materials for turbosupercharger wheels.

Full cognizance is takon of the importance of developing alloys
vhich contain the least possible amount of strategic metals and yet
have the necessary properties vo witlistand turbosupercharger wheel
gervice. Forgeability and machinability, likewise, are receiving
consideration. No information is prescnted on such Tactors as
weldability, and production practice, although they hLave received
coneideration by the Subcomnittee,

The results of the investigation indicate that both the load-
carrying ability at 12000 F. and the room-temperature properties of
most of the alloys can be increased by mechanically working the
alloys at temporatures below the noimal hot-working temperatures.
Since .it appears that this factor has more influence than compara-
tively wide variations in chemical compositicn for a glven type of
alloy, the research is now being extended to include an intensive
investigation on the effect of treatment on the strength character-
istics of soveral matorials that are shown by these present tests
to be of spacial interest.

The materinls used in this investigation were supplied by the
Allegheny Ludlum Steel Company, Curnegle-Illinois Steel Corporation,
Crucible Steel Company, General Electric Company, International NMickel
Company, Inc., Timken Roller Bearing Company, Union Carbide and Carbon
Research Laberatories, Inc., and Universal-Cyclops Steel Corporation.
The cooperation of those steel companies in preparing experimental and
producticn steels centributed greatly to the investigation.
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The steel manufacturers who contributed specimens for testing
in NACA research on high tempereture materials have indicated that
they will be pleased to discuss the alloys described in this report
with any qualified person acting as a representative of a contractor
to the United States Govermment. Therefore, if additional informa-
tion on these alloys is required, it is suggested that such informa-
tion be requested from the proper manufacturer.

TABULATED TATA

The information given in the following pages of this report
includes (1) the chemical composition of the sample, as reported
by the manufacturers; (2) the fabrication procedure; (3) the hardness
at room temperature before and after completion of the longest dura-
tion time-for-rupture test; (4) short-time tensile properties at room
temperature and at 1200° F; and (5) the rupture-test data, including
ductility values, obtained at 1200° F. In addition, the stresses to

cause. rupture in 1, 10, 100, and 1000 hours at 1200° F. are given.

The rupture strengths were detérmined by logarithmic plots of
the stress versus rupture~tine data. Even though the duration of
the longest test may have bsen congiderably less than 1000 hours,
the values reported are based on extrapolations which have proved
to be reasonably reliable for this test. In certain cases the
rupture tests were not continued for time periods longer than
200 hours because the samples were not considered good enough to
warrant further testing. The 'stress-rupture time values from a few
samples gave a scatter of points instead of the usual straight line
when plotted to logarithmic coordinates. In such cases the reported
rupture strengths were obtained from the best average straight line
through the points. R

Figures 1, 2, and 3 on pages 252, 253, and 254 summarize the
data for the samples from each manufacturer. In addition to compo -
sitions and fabrication procedures, the hardness and yield stresses
at room temperature, stresses for rupture in 100 and 1000 hours at

. 1200° F., and ductility characteristics are presented in these fig-

ures. These physical properties were selected for Presentation
becauge they permit evaluation of the suitability of the alloys for
turbosupercharger wheel service. :

Comments on Data

The manufacturers of the experimental materials from which the
data were obtained submitted comments on the forgeability and
machinability of their alloys. This informetion has been incorporated
in the data sheets. It is extremely difficult to evaluate these



properties for even one application of the alloys, and thus all
statements contained in this report in regard to forgeability and
machinability must be considered as relative to other similar high-
strength alloys.

The reader will note that most of the alloye described herein
have been handled only on an exnerlmental basis. The manufacturer,
tuereforc, in descrLblng an aLloy as commercielly forgeable and
machinable, may not have been able to take into account the diffi-
cultles that might be encountered if that allcy is produced on a

"tonnzge" basis.

In every caee the data wresented in this report are the results
of a series of tests on one particuler heat of alloy with one perticu-
lar secuence of treatments. It 1is intended that this report be only
a factual presentation of test results plus comments on workability
supplied by the manufacturers. In the materlals obtained from small
experimental induction heats, it should be recognized thot production
heats processed under commexcial Dract;0c may have a different level
of properties.

In those cases whcre erratic stress versus rupture-time data were
obtained, the sample mey have beecn nonuniform. There are, however,
certain elloys in wh¢ch a scatter of reeults is characteristic of the
material and is believed to be associated with structural changes in
the metal during testing. The agrecment between the duplicate tensile-
test results is a good measure of the uniformity of the nmaterial. For
this reason the individual test results have been used in Figures 1,

2, and 3.

The dimensions of the test specimens used in the investigation
are given in Figure 4 on page 255. The rupture test specimen was
arbitrarily sclected by the Subcommittee as being of convenient size
to use in making a large number of tests. These specimens were taken
from the bar stock at a point midway between the center ané surrace,

.The tests were run‘in accordance with ASTM recommended procedure
for tension testing at room temperature and at elevated temperatures,
The yield strengths and proportional limite were obtained from stress-
strain curvcs plotted from strain data obtained with an extensometer
system having a sensitivity of 0.000003 inch per inch in a.two-inch
gage section. R

In a few cases the tensile vroperties are incomplete because
insufficient bar stock was avallable for the necessary specimens.
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ANALYSIS OF DATA

The objective of the investigation was to develop metals with
a combination of high rupture strength at 1200° F. and high yield
strength at room tempersture.

The most imnortant factor in determining the yield strength
appeared to be fabrication procedurs. Variaticns in chemical com=
position did not seem to have much effect except for carbon content
in such alloys as 19-9W-Mo. With one exception, yield strengths at
room temperature in excess of 100,000 pounds per squsre inch com-
bined with high rupture strength at 1200° F. were developed only by
%echanlcal working of the metal at intermediate temperatures. This

hot-cold" work also resulted in an increase in rupture strength at
1200° P, over that of the amnealsd condition. The possible range in
both yield and rupture strengths of a given nominal composition
resulting from variations in the fabrication procedure was generally
more than that caused by wlde differences in chemical composition.

The data presented in this report indicate that the effects of
variations in fabrication procedure may be summarized as follows:

1, There appears to be an optimum amount of "hot-cold" work
Tor each analysis at each temperature.

2. The highest properties are probably asgsociated with the
optimum amount of "hot-cold" work at some one temperature
for each analysis.

3. The thermal history, perticularly the inclusion or omission
of a solution heat treatment, appears to affect the properties.

Variations in properties are epparently caused by differences
in fabrication procedures for the following reasons:

1. Most of the alloys are subject to complex structural reactions
of the precipitation hardenlng type which, in part, control
the properties.’

2. The strength properties are also 1nfluenced by the amount of
strain hardening obtained by hot—cold work,

3, Variations in the amount and temperature of "hot-cold" work
and in the times, temperatures, and sequences of thermal
treatments result in variations of the structural reaction
characteristics and residual strain hardening.



4., In addition to the above factors, there probably are addi-
tional variations which the date given in this report have
not taken into consideration.

No systemetic variation in properties with variations in com-
pesition has been noted in the data given in this report. The fol-
lowing compositions, however, exhibited outstanding strength properties:

1. High allcyed materials designated 6MM, 2MM, 1M, 16-25-6,
N153, N154, N155, N136 and Age Hardenable Inconel. Many of
the modifications of these alloys also has as high or higher
properties. .

2. ILow alloyed materials designated as 19-9W-Mo and 4Mn-18Cr-4Ni
types and their modifications. These had very high rupture
gtrengths, but somewhat low yield strengths.

3, A heat-treatable alloy designated as Age Hardenable Inconel.
This alloy was the only one found to develop high rupture
strength and high yleld strength without mechanical working
ot intermediate temperature.

It is important that the following factors be considered in
appraising the above outetanding alloys:

1. Other alloys may develop equal or better properties under
the proper, but as yet unknown, fabrication procedure.

2, Tt is not known whether the reported properties represent the
vltimate which may be obtained in the outstanding alloys.

3, The degree of reproducibility of their properties, particu-
larly in wheel forgings, is unknown except for such alloys as
16-25-5 in which considerable production experience is
available.

4, Most of the alloys in the lists have been handled only in
small experimental heats as bar stock.

5, With the exception of Age Herdensble Inconel, the high yield
strengths were developed by approximately 25 percent- reduction
in area by rolling at 1200 to 1700° F. Because of thelr good
high-temperature strength, these alloys are very resistant to
deformation in this temperature range. Tt will be difficult,
therefore, to cbtain this amount of reduction in commerical
practice. Certain of the samples were prepared by methods
which were, possibly, more representative of ordinary com-
mercial practice than the alloys giving the highest strength
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properties. For this reagon the lower properties of such
apparently less promising alloys nay bte more revregsentative
of those which can be obtained by ordinary commercial
practice.
List of Alloys
Alloy Page
Allegheny Ludlum 5495 iz
teel Corporation
5497 14
AM 16
BM 18
Ticonium 1014 20
L . Cruclble Steel Company of
‘ America Halcomb 217 22
. 4274 24
| v
| 4276 26
| 4277 28
4273 ‘ 30
4480 32
4481 34
4275 36
234-A-5 38
4237 40
Rezistal VR 42
Carnegie~-Illinois
Steel Corporation L2-T1 44
L2-T2 46
L2-T3 48
L3-T1 50
Y L3-T2 52
& L3-T3 54



Carnegie~Illinois
Steel Cornoration
cont'd.

International Nickel
Company, Inc.

Universal-Cyclops
Steel Corporation

List of Alloys (Cont'd.)

Alloy

2605
2€06
2€07
2608

14
L7
Ll1-T1
Li-T2
Li-T3

Age Hardenable Inconel
Nimonic &0

17W-Anncaled

17W-Hot Rolled
17W-"Cold" Worked
17W-Hot Worked
17W-"Cold" Worked (R1644)

17W-NM
1"W-Cb

Low Carbon l17W-Annealed

Low Carbon 17Ww-Hot Worked
Low Carbon 17W-"Cold" Worked

Timken 16-25-6 Annealed
Timken 16-25-6 Hot Worked

Timken 16-25-6 "Ccld" Worked
Gamma Columbium-Annealed
Gamme, Columbium-Hot Rolled
Gamma, Columbinm-Hot Worked
Gamma Columbium-"Cold" Worked

Non-magnetic

L-447

Page

56
58
60
62

64
66
€8
70
72

74
76

78
80
82
84
86

58
30
92
94
96

98
100

102
104
106
108
110
1l2

114




Universal-Cyclops
Steel Corpc—ation
Cont'd.

L

Union Carbide and
g Carbon Research
< Latoratories, Inc.

List of Alloys (Cont'd.)

Alloy

R-1038 Annealed

R-1038 '"Cold" Worked

18-14 S-Mo

18-9 W-Mo (B7030)
19-9 w-Mo (R1802)
19-9 W-Mo (R1956)
19-9 W-Mo HC2
19-9 W-Mo M

19-9 W-Mo 4

19-9 wW-Mo 4M

4

9
M

6M
6MM

B350

1072-Annealed (E350)

1073 (H350)

120
122
124
126
128
130
132
134
136

138
140

142
144
146

148
150

152
154

156
158
160

iez
164
166

168
170
172




Union Cexbvide and
Carbon Research

Laboratories, Inc.

Cont'd.

List of Alloys (Cont'd.)

H413

H359

H«39

HE630
H631

H624
HE62S

Alloy

(Low carbon Gamma
Columbium)

Page
174
176
178
180
182
184
186

188

202
204
206
208
210

212
214

216
218
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List of Alloys (Cont'd.)

.

Alloz Page
Union Carbide and H626 220
Carbon Research H627 2z2
Laboratories, Inc.,
Cont'd, H628 (H419) 224
H629 (H419) 2z6
Universal-Cyclops N153-Annealed 228
Steel Corporation N153-Hot Worked 230
and Union Carbide N153-"Cold" Worked a3z
and Carbon Resesarch A
Laboratories, Inc. N154-Annealed 234
N154-Hot Worked 236
N154-"Cold" Worked 238
N155-Annealed 240
N155-Hot Worked 242
N155-"Cold" Worked 244
N156-Annealed 246
N156-Hot Worked 248
N156-"Cold" Worked 250
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ALLOY 5435
MAKUFACTURER Allegheny Ludlum Steel Corporation

COMPOSITION  0.48%C, 0.56% Si, 0.55%Mn, 13.687% Cr, 20.06% N1,
4.14% Mo, 3.36% W, 4.59% Cb

TREATMENT Melted in an induction furnace as a 30 pound heat;
cast in 3-inch square ingot and forged at 2200° F to
0.9-inch square bar. Cooled in air, reheated to
1400° F and forged to 3/4-inch square bar.

HARDNESS 290-234 Brinell

TENSTIE PROPERTTES

Temper- Tensile Yield stress Provortional Elongation Reduction

ature strength  (1b/sq in.) limit (%in 2 in.) of area
(°F)  (1b/sq in.) 0.02% 0.2% (ib/eq in.) (%)
g0 146,750 83,000 135,000 35,000 7.5 30.7
147,750 80,000 136,000 35,000 6.0 21.7
1200 87,625 72,200 37,500 24.0 34.3
75,000 60,500 32,500 23.0 25.7

STRESS-RUPTURE DATA AT 1200° F

Stress Time for Elongation Reductilon
(1b/sq in.) rupture (% in 1 in.) of area

{hr) ()
78,000 0.13 11.0 24.5
70,000 0.50 21.0 39.4
62,000 1.35 26.0 40.8
42,000 21.5 22.0 27.2
32,000  200. 15.0 16.1
26,000 854, 7.0 10.8

Vickers Hardress: As received - 292
After 200 hours at 1200° F - 294




Alloy S495 continued

STFRESS-RUPTURE PROPERTIES AT 1200° 7
(Estimated from plot of test data)

Time for
rupture

(hr)

1

10
100
1660

Stress
(1b/sq in.)

- 63,000
47,000
35,000
26,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEARILITY After initial forging can be hot-rolled and subse-
quently cold rolled or cold drawn successfully,

MACHINABILITY Cornercially machinable.

13
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ALLOY 5497

MANUFACTURER Allezheny Ludlum Steel Corporation

COMPOSTTION  0.42% ¢, 0.61% Si, 0.47% Mn, 13,68%Cr, 19.50% Ni,
19.00% Co, 3.84% Mo, 4.28% W, 4.41%Cb

TREATMENT Melted in an electric arc furnace as a 10 ton heat.
Cast in 900-pound ingot 8 inches square. Heated to
2200° F and forged on hammer to 0.9-inch squave bar.
Reheated to 1400° F and forged to 3/4-inch square bar.

HARDNESS 311 Brinell

TENSILE PPOPERTIES
Temper- Tensile Yield stress Proportional Elongation Reduction
ature strength  (1b/sq in.) 1imit (%Z1in 2 in.) of area
(°7F) (1b/eq in.) 0.02% 0.2% (1b/sq in.) (%)
80 154,750 103,00C0 138,800 57,500 10.5 25.5
152,500 10z,300 136,000 57,500 lZfO 26.0
1200 96,750 75,200 15,000 20.0 39,3
103,625 89,800 15,000 22.0 25.9
99,625 87,600 27,500 20.0 25.7
STRESS-RUFTURE DATA AT 1200° F
Stress Time for Elongation Reduction
(1b/sq in.) rupture (% in 1 in.) of area
(hr (%)
88,000 0.38 11.0 29.3
78,000 1.65 22.0 38.5
50,000 60.5 10.0 6.1
38,000 360. 11.0 12.6
33,000 1099, 6.0 7.4

Vickers Hardness:

As received - 314
After 1099 hours at 1200° F - 331
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Alloy S497 continued

STRESS-RUPTURE PROPERTIES AT 1200°
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 80,000
10 60,000
100 45,000
1000 33,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Metal must be hot~forged from the ingot to a rela-
tively small cross section before it can be hot-
~rolled or subsequently cold rolled or cold drawn.

MACHINABILITY Commercially machinable.
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ALLOY

AM*

MANUFACTURER Allegheny ILudlum Steel Corporation

COMPOSTTION 0.40% C, 0.375% §1, 0.41% Mn, 17.837% Cr, 4.087% Ni,

2.62% Mo, 0.018% P, 0.019% 8, 0.12% Np.

TREATMENT Melted in an electric arc furnace in a 900 pound heat.

Cast in a 7- by 7-inch ingot waighing approximately
750 pounds. Ingot heated to about 2100° F and ro0lled
to 5%-inches sguars billet on a 2 high reversing

blooming mill. Reheated and rolled on a 12-inch rod
mwill to 0.94-inch square bar. Reduced at 1200° F to a
3/4-inch square bar. Annealed at 2100° F end air cooled.

HARDNESS 209 Brinell
TENSILE PROPERTTES
Temper- Tensile Yield stress Proportional Elongation Reduction
ature gtrength  (1b/eq in.) linit (%in 2 in.) of area
(°r)  {1b/sq in.) 0.02% 0.2% (lb/sq in.) (%
80 128,500 62,750 72,300 52,500 47.C 34,2
121,500 60,000 70,000 42,500 40.0 32.3
1200 76,500 32,000 20,000 22.0 24.9
77,000 33,500 17,500 22.0 25.5

STRESS-RUPTIKE DATA AT 1200° F

Stress Time for Eloagation Reduction
- (ib/sq in.) rupture (% in 1 in.) of area

(hr) (%)
65,000 0.42 11.0 15.1
55,000 1.18 6.0 19.6
35,000  29.7 1.0 1.0
30,000 225.7 2.0 6.7
27,000  3l2. 1.0 12.1

Vickers Hardness: As received - 224
After 712 hours at 1200° F - 429
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Alloy AM continued

FORGEABILITY

MACHINABILITY

OTHER NOTES

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 58,000
10 42,500
100 31,700
1000 23,400

COMMENTS SUPPLIED BY THE MANUFACTURER

Can be rolled either hot or cold with ease. Does not
require forging at any stage.

In the austenitic or annealed condition, machinability
is about the same as for similar austenitic steels but
in the hardened condition is extremely difficult to
wachine. Further study of heat treatment mey improve
this condition.

Metal is of interest for use in the cast condition.

*Alloys AM and BM are from the same heat and differ only in processing

procedure.
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DM#

MANUFACTUTER Allegheny Ludlum Steel Corporation

COMPOSITION  0.40% C, 0.375% Si, 0.41% Mn, 17.83% Cr, 4.05% Ni,
62%

Mo, G.018% P, 0.018% S, 0.127% Ny.

TREATMENT Melted in an electric arc furnace in a 800 pound heat.

Cast in a 7- by 7-inch ingot weighing approximately
750 pounds. Ingct heated to about 210C° F and rolled

to si-inch square billet in 2 high reversing blooming

mill® Reheated ¢nd rolled on a 12-inch rod mill to
0.94-inch square bar. Reduced at 1200° F to a 3/4-inch
square bar.

EARDNESS 418 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Elongation Reduction
ature gtrenctn  (1b/sq in.) limit (#in 2 in.) of area
(°F)  (1b/sq in.) 0.02% 0.2% (1b/sq in.) (9
80 207,000 116,250 160,250 87,500 13.0 21.6
20%,5C0 117,500 161,000 85,000 11.0 11.7
1200 96,500 75,500 45,000 16.5 28.4
94,875  mee=-=  =-=e=== 17.0 31.7

STRESS-RUPTURE DATA AT 12007 F *¥

Stress Time for Elongation Reduction
(1b/eg in.) rupture (% in 1 in.) of area
(hr) (A
60,000 7.16 13.0 10.3
40,000 0.8 7.0 10.9
30,0006 153. 13,0 11.0
20,000 644 . 18.0 19.0

Vickers Hardness: As received - 423
After 644 hours at 1200° F - 169
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Alloy BM continued

FORGEABILITY

MACHINABILITY

OTHER NOTES

*Alloys AM end BM are from the same heat and differ o

procedure.

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 e
10 55,000
100 32,000
1000 19,000

COMMENTS SUPPLIED BY THE MANUFACTURER

Can be rolled either hot or cold with ease. Does not
require forging at any stage.

In the austenitic or annealed condition, machinability
is about the same as for similar austenitic steels bdut
in the hardened condition is extremely difficult to
machine. Further study of heat treatment may improve
this condition.

Metal is of interest for use in the cast condition.

**Rupture test specimens for this metal were 0.300-inch diameter with
a l-inch gage length.

nly in processing
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ALLOY

"Ticonium" (1014)

MANUZACTURER Allegheny Ludlum Steel Corporation

COMPOSITION  0.088%C, 0.272% i, 0.80% Mn, 22.967 Cr, 35.00% Ni,

30.84% Co, 5.81% Mo, 0.008% P, 0.014%8

TREATMENT Melted in electric arc furnace, cast in 6- by 10~inch
ingot weighing 358 pounds. Heated to 2150° F and forged
to a l-inch square bar. Reheated to 1400° F and forged
to 3/4-inch square bar between 1400 and 1200° F.

HARDNESS 385 Brinell

TENSILE PROPERTTES
Temper- Teusile Yield stress Proportional Elongatlon Reduction
ature strength  (1b/sq in.) 1limit ( %in 2 in.) of area

(°F) (1b/sq in.) 0.027% 0.2% (1b/eq in.) (%)
80 182,250 126,500 161,250 90,000 15.0 49.3
183,750 131,000 165,000 100,000 15.0 49.5
1.200 117,125 92,500 20,000 6.0 15.0
121,500 100,000 25,000 2.0 14.3

STRESS -RUPTURE DATA AT 1200° F

Stress Time for Elongation Reduction

(1b/sq in.) rupture (%14in 1 in.) of area
__(br) (%)
109,000 1.37 6.0 9.7
€7,000 3.68 2.0 7.8
60,000 86.0 4.0 3.8
50,009 113, 7.0 8.5
42,000 210, 5.0 7.2
33,000 967. 3.0 7.3

Vickers Hardness: As received - 382
After 967 hours at 1200° F - 347




Alloy "Ticonium" (1014) continued

STRESS ~-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 100,000
10 84,000
100 52,500
1000 33,000

COMMENTS SUPPLIED BY THE MANUFACTURER
FORGEABILITY ©Extremely difficult to forge. Requires special
technique and a number of reheatings.

MACHINABILITY Difficult to machine but can be machined with
regular high speed tools.

a2l
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ALLOY Halcomb 217

MANUFACTURER Crucible Steel Company of America

COMPOSITION 0.58% C, 1.08% Si, 0.54% Mn, 7.56% Cr, 7.87% W

TREATMENT Melted in a commerical arc furnace, l2-inch square
fluted ingot. Alloy was hammer cogged at 2050 to
2100° F to 6% inches square, reheated and cogged to
4% inches square, then annealed. Mill recogged at

2000 to 2050° F to l% inches square, annealed and con-
ditioned. Hammered at approximetely 1950° F to a

‘ 3/4-inch square bar. Amnealed by slow cooling from
| 1650° F. Norpalized at 2050° F for 3 minutes, then
‘ drawn at 1300”7 F for 1 hour.

HARDIVESS 330 Brinell
| TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional Elongation Reduction

| ature strength (1b/sq in.) Limit (%in 2 in.) of area

| (°F)  (1b/sq in.) 0.02% 0.2% (ib/sq in.) (%)

i 80 173,500 105,000 122,000 92,500 11.5 17.7
174,500 106,000 128,000 90,000 12.0 19.5

| 1200 53,125 37,500 10,000 40.5 79.5

‘ 47,625 36,500 10,000 41.0 77.3

STRESS-RUPTURE DATA AT 1200° F

Stress Time for ZElongation Reduction
(1b/sq in.) rupture ( %in 1 in.) of area

(hr) (%)
40,000 0.58 38.0 74 .4
34,000 1.50 46.0 76.8
20,000 72.0 42.0 47 .4
15,000 163. 50.0 49.7
13,000 243, 29.0 41.0

Vickers Hardness: As received - 362
After 243 hours at 1200° F - 259




Alloy Halcomb 217 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress’
rupture (1b/sq in.)
(hr)
1 37,200
10 29,000
100 18,000
1000 7,900

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY About equal to 18-4-1 high speed steel.

MACHINABILITY Commercially machinable.

23
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NACA

ALLOY

MANUTACTURER

COMPOSITION

4274
Crucible Steel Company oi America

1.06% ¢, 0.30% Si, 0.56% Mn, 13.18% Cr, 12.87% Ni,
0.62% Mo, 2.18% W

TREATMENT 30 pound induction furnace ingot. Forged 1950-
1000° F to 3/4 inch square. Cooled to 1300-1200° F
and finished with a few blows.
HAPDNESS 300 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Elongation Reduction
ature strength  (1b/sg in.) limit (%in 2 in.) of area
(°7)  (1b/sq in.) 0.02% ©0.27 (lb/eq in.) (%)
g0 148,000 81,000 107,500 52,500 17.5 25.8
148,125 79,000 106,000 52,500 17.0 23.0
1200 93,750 71,900 45,070 16.0 18.4
97,750 71,250 50,000 5.0 10.7
STRESS -RUPTURE DATA AT 1200° F
Stress Time for Elongation Reduction
(1b/sq in.) ruptire (%in 1 in.) of area
hr) )
80,000 1.42 5.0 6.2
75,000 3.32 4.0 4.9
50,000 108. 6.0 10.9
40,000  337. 6.0 8.5
37,000 401. 6.2 6.2

Vickers Hardness:

Ag received - 318
After 401 hours at 1200° F - 3£2
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Alloy 4274 continued

STPESS ~RUPTUTH PROPERTIES AT 1200° 7
(Estimated from plot of test data)

Time for Stress
rapture (1v/sq in.)
e
1 . 8,000
10 68,000
100 51,000
1000 31,500

COMMENTS SUPFLIFD BY THE MANUFACTURER

FORGEABILITY Forged without difficulty as a small induction heat.
No Information on forgeability of ccmpercial heats.

‘MACHINABILITY Metal turned and threaded with difficulty.
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MACA

ALTLOY 4275

MANUFACTURER Crucible Stesel Company of Awmerica

COMPOSTTION  0.53%C, 0.45% Si, 12.34% Mn, 20.39% Cr, 1.887%W,

2.31% Mo

TREATMENT 30 pound induction furnace imzot. Forged 1950-1900° F to
3/4 inch squers. Coolod to 1%20-1200° F and finished

with a few blows.

HATDNESS 280 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Provortional Elongation Reduction
aturs etvength  (1b/sg in.) linit (%in 2 in.) of area
(O, (:/sqg in.) 0.02%  0.2%  (1b/n¢ in.) (<)
€0 133,750 57,500 93,125 27,500 15.5 24.1
135,750 45,625 87,500 22,500 14.0 16.3
1200 51,500 28,125 15,000 4£0.0 54.1
56,000 38,000 12,800 24.0 29.1

STRESS~-RUPTURE DATA AT 1200° F

Stress Time for Elongation Reduction
(1b/sq in.) runture ( %in 1 in.) of area
(hr) (7
45,000 1.00 36.0 46,0
28,750 6.55 45.0 55.7
28,000 63.0 44.0 58,7
20,000 498.0 35.0 47.8

Vickers Hardness: As received - 291
After 498 hours at 1200° F - 463
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Alloy 4276 continued

STRESS-RUPTUPE PROPERTIES AT 1200° P
sti & from piot of test data)

Time for Stress
rupturs (1b/sg in.)
(L}
1 45,000
10 37,500
100 26000
1000 18,000

COMMENTS SUFPLIED BY TEFE MANUFACTURER

FORGEABILITY Forged without difficulty as a smwall induction heat.
No information on forgeability of commercisl heats.

MACHINABILITY Metal turned and threaded without difficulty.
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ALLOY 4277
MANUFACTUREZR Crucitle Steel Company of Amsrica

COMPOSITION 1. 057 ¢, 0.59% si, 12.34% Mn, 20.43% Cr, 2.22% Mo,
1.92% W

TREATMENT 30 pound induction furnace ,davt Forged 1.950-1900° F
to 3/4 inch saquare. Cooled to 1300 -1200° F and
finished with a few blous.

HARDNESS 340 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional ZElongation Reduction

e =
eture ,rength (1v/8q in.) limit (%in 2 in.) of area
Cwy (1 sq in,) 0.02% O, 2“ (1,23 a. ) : (
€0 151,000 CuO 102,5C0 H,UOO 2.0 1.9
156,50 65 000 102,200 40,0C0 5.0 5.8
1200 82,750 58,750 35,000 16.5 20.6
81,250 86,750 37,500 7.5 2.3
STRESS-RUPTUEE DATA AT 1200° F
Stress Time for Elongation Reduction
(1b/sq in.) rupture (%in 1 in.) of area
(br) (%)
76,000 0.68 11.0 19.0
68,000 £,33 25.0 27.7
56,000 111.0 14.0 31.8
50,000 139.0 16,0 22.4
42,000 684.0 3.0 13,3

Vickers Hardness: As recelved - 366
After 684 hours at 1200° F - 467
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Alloy 4277 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimeted from plot of test data)

Time for Stress
rupture (1b/sq in.)
{ary
1 74,000
10 65,000
100 56,000
1000 39, 000

COMMENTS SUPPLIED BY TEE MANUFACTURER

FORGEABILITY Forged without difficulty as a small induction heat.
No information on forgeability of commercial heats.

- MACHINABILITY Metal turned and threaded with difficulty.
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ALLOY 4273
MAITUFACTURER Crucible Stoel Compony of America

COMPOSITION 0.23% C, 0.31% 81, 3.98% Ma, 18.41% Cr, 4.10% Ni,
3,119 Mo

TREATMENT 30 pound ‘nduction furnace inmot. Forged 1850-1900° F
to 3/4 inck sguere. Cooled 1o 1300-1200° F and
finished with a few blows.

HARDNESS 256 Brinell

THNSTLE PRCTERTIES

Temper- Tensile Yield stress Proportional ZElongation Reduction
_ature  strength  (1b/sq in.) lim:t (%1in 2 in.) of area
(°7)  (Ib/nq in.) 0.02% 0.2% (1b/sy in.) (%)

80 137,750 78,125 96,875 55,000 32.0 42.8
137,250 70,000 8C,000 55,000 25.0 24.1

1200 70,250 53,1780 30,000 34.0 58.3
72,500 55,000 32,500 27.5 57.8

STRESS-RUPTUEE DATA AT 1200° F

Stress Time for ZXElongation Reduction
(1b/sq in.) rupture (% in 1 in.) of srea

{br) (%)
65,000 0.77 26.0 48.3
60,000 2,57 30.0 51.0
45,000 90, 32.0 64.8
40,000 360, 30.0 62.5
37,000 782. 24,0 43,7

Vickers Hardness: As received - 296
After 782 hours at 1200° F - 317
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Alloy 4273 continued

FORGEARILITY

MACHINABILITY

STREGS -RUPTURE PROPERTIES AT 1200° F

(Bativated from plot of test data)

Time for Stregs
rujture (1v/sq in.)

1 64,000

10 55,500

100 45,000

1000 36,000

COMMENTS SUFPLIED BY TEE MANUFACTURER

Forged without difficulty &g a small induction heat.
No iInformavion on forgeadility of commercial heats.

Metal turned and threaded without difficulty.
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ALLOY 44890
MANUFACTURZR Crucible Steel Company of Amsrica

COMPOSITION  0.65% C, 0.44% S1, 4.24% Mn, 17.47% Cr, 4.057 N1,

3.03% Mo
TREATMENT 30 pound induction furnace Iwect. Forgsd 1950-1900° F

to 3/4 inch egnare. Cooled fo 1300-1200° F and
finishsd with a faow blows.

HARTWESS 302 Brinell

TENSILE PROPERTIES

Terper- Terslle Yield atress Proportional Elongation Reduction

ature rtrength  (1b/sg in.) Linit (%in 2 in.) of area
(°)  (2n/eq 1a.) 0.027% 6.2% (2o =7 in.) (2)
&0 145,C00 2,730 29,700 42,500 12.0 13.0
126,020 63,000 20,300 45,000 14.0 12.3
1200 76,750 49,600 20,000 25.0 38.2
g1,875 65,000 32,500 18.5 39.1

STRESS-RUPTURE DATA AT 1200° F

Stress Time for Elongation Reduction

(1b/sq in.) rupture (%in 1 ia.) of area
(or) (%)
70,000 1.17 12.0 9.7
65,000 4.30 9.0 7.3
52,000  160.0 11.0 12.7
45,000 427.5 11.0 1l1.4
40,000  717.5 14.0 16.7
40,000 1117.0 9.0 9.7

Vickers Hardness: As received - 338
After 1117 hours at 1200° F -390




Alloy 4480 continued

STRESS-RUPIURE PROPERTIES AT 1200° F
(Estimated»from plot of test data)

Time for Stress
ruyture (1t/eq 1n.)
_\b)
o1 70,000
10 62,000
100 55,000
1000 40,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged without difficulty as a small induction heat,
No information on forgeability of commercial heats.

MACHINABILITY Metal turned and threaded without difficulty.
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ALLOY 4481
MANUFACTURER Crucible Siteel Ccmpany of America

COMPOSITION  0.89%
2.95%

0.44% Si, 4.21% Mn, 17.65% Cr, 4.05% Ni,

o~
%5’

TREATMENT 30 pound induction furnace ingot. Forged 1950-1900° F
to 3/4 incl sguare. Cooled o 1300-1200° F and
finished with & few blows.

HARDNESS 331 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress DProportional Elongation Reduction
ature ssrength  (1b/eq in.) limit (%1in 2 in.) of aree
(°w)  (ir/sq in.) 0.02% 0.2% (1b/sq 1in.) {(%)
8c qu 000 69,500 104,500 . 47,500 9.8 9.3
' lob,OOD 69,000 90,300 45,000 4.5 5.0
1200 86,000 55,000 12,500 18.0 19.2
79,125 58,000 12,500 21.0 32.1

STRESS-RUPTURE DATA AT 1200° F

Stress Time for Elongation Reduction
(1b/sq in.) ru?tu§e (% in 1 in.) of area
hr

(o]

70,000 0.82 14.0 9.1
65,000 2.63 25.0 34.5
50,000 32.5 32.0 29.9
43,000  301.0 14.0 26.2
43,000  228.5 29.0 42.8
38,000  495.0 24.0 43.2

Vickers Hardness: As received - 360
After 495 hours at 1200° F - 399
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Alloy 4481 continued

FORGEABILTTY

MACHINABILITY

STIEESS-FUPTURE PROFERTIES AT 1200° F
(Estimated frow plot of test data)

Time for Stress
rupture (1b/sq in.)
{br)
1 70, 0.0
10 56,0.2)
100 45,500
1000 36,500

COMMERTS SUPPLIED BY THE MANUFACTURER

Forged without difficulty as a small induction heat.
No inforuation on forgeability of commercial heats.

Metal turned and threaded without difficulty.



36
‘WACA

AILOY 4275
MATTUFACTIRER Crucible Steel Cowpany of America

COMPOSITION 1.08% ¢, 0.48% 8i, 4.04% Mn, 18.36% Cr, 4.05% i,
3.00% Mo

TREATMENT 30 pound induction furnace iangot. Forged 1950- 1900° F
to 3/4 inch sguare. Cooled to 1300-1200° T end
finighed with a few blows,

HARDNESS 326 Brinsll

TENSIIE PPOPERITES

Temper- Tensile Yield gtress Prorcrtional Elongation Reduction
ature ctrengsh  (1b/sg in.) 1init (#in 2 in.) of area
(°z)  (1»/sq in.) 0.02%  0.2% ()b sy in.) (%)
80 154,000 60,000 94,650 50,000 7.5 7.0
155,000 67,500 67,500 47,500 6.0 5.8
120 80,000 65,000 45,000 15.0 17.2
88,000 63,125 40,000 17.5 19,9

STRESS-RUPTURE DATA AT 12007 F

Stress Time for Elongation Reduction
(1b/sq in.) rupture (%in 1 in.) of erea

(hr) : (%)
80,000 0.43 15,0 16.€
72,000 1.95 10.0 12.1
52,000 138.0 14.0 20.2
45,000 641.0 23.0 24.5
42,000 852.0 10.0 22.2

Vickers Harness: As received - 344
After 852 hours at 1200° F - 421




Alloy 4275 coantinued

STEISS~-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/s7 in.)
(hr)
1 76,120
10 64,417
100 54,000
1000 47,000

COMMENTS SUPPLIED BY THZ MANUFACTURER

37

FORGEABILITY  Forged without dirfficulty as a small induction heat.
No information on forgeability of commercial heats.

MACHINABILITY Metal turned and threaced with difficulty.
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NACA
ALLOY 234-A-5
MANUFACTUFER Crucible Steel Company of America
COMPOSITION 0.38% C, 0.30% Si, 4.17% Ma, 18.52% Cr, 4,55% Wi,
1.35% Mo, 1.34%W, 0.57% Cb
TREATMENT 150 pound induction heat, hammered, finishing "cold"
at about 1200° F and stress »zlieved for one hour at
1200° F
HARDNESS 292 Brinell
TENSILE PRCPERTIES
Temmer-  Tensile Yield stress Proportional Elongation Reduction
aturs strength (1b/3q in.) 1imit (#%1in 2 in.,) of area
(°r)  (izfsq in.) 0.077 0.2% (ib/aq in.) ()
80 151,000 87,500 106,000 62,500 13,2 13.4
155,500 81,800 104,700 55,000 22.5 31.1
1200 78,000 €5,000 30,000 20.0 43.2
79,500 67,500 32,500 19.5 4&.7

STRESS-RUPTURE DATA AT 1200° F

Stress Time for XIlongation Reduction
(1v/sq in.) rupture (%in 1 in.) of area

(hr) (%)
68,000 0.34 22.0 49.2
62,000 2.96 18.0 56.9
55,000 54.0 26.0 60.0
50,000 83.0 27.0 60.9
46,000 231.5 16.0 46,5
45,000 468.0 18.0 41.8
40,000 535.0 12.0 39.0

Vickers Hardness: As received - 318

After 535 hours at 1200° F - 315
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Alloy 234-A-5 continued

STRISS-EUP1URE PROPEETIES AT lZQOO F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
{hr)
1 ) 85,070
10 58, (30
190 55,300
1000 39,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEARILITY Geod:s

MACHIRABILITY Excellent.
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7 TACA

ALLOY 4237

MALIUFACTURGR  Crucible Steel Company of Axerica

COMPOSITION  0.59% C, 1.44% Mn, 26.37% Cr, 30.62% Ni, 2.64% Ti

TREATVENT 20 pound induction furnace Inget. Forged 1950-1900° F
to 3/4 inch sguare. Cooled to 1300-1200° F and

finished with a few blows,

HARDNESS 249 Brinecll

TERSTLE TFROPERTTIES

Temper- Tensile ield streass Proporiional Elongation Reduction
ature stvength  (ib/eqg in.) 1iit (%in 2 in.) of area
(°F)  (k/eq in.) 0.02%  G.2%  (1b/aq in. (7)
80 123,250 76,75 98,1285 €£2,500 14.5 347
126,750 77,200 102,000 £2,500 18,0 36.3
1200 99,5C0 84,375 22,200 14.0 19.5

STRESS -RUPTURE DATA AT 1200° F

Strese Time for Elongation Reduction
(1b/sq in.) rupture (% in 1 in.) of area

(br) (%)
88,000 0.13 14.0 23.5
78,000 0.28 15.0 31.3
68,000 3.42 15.0 33.4
50,000 51.5 7.0 i2.0
42,000 91.0 4.0 12.0
40,000  136.0 6.0 7.8
35,000 819.0 6.0 8.5

Vickers Hardness: As received - 267
After 819 hours at 1200° F - 353



Alloy 4237 continued

SITZSS~-IUFTURT PROFERTIES AT 1200° 7
(Vstimatsd from plot of test data)

Time Ffor Strens

rupture (lb/e: in.)
(£x)
1 74,970
10 69,000
100 45,000
1000 34,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEARILITY Forged without difficulty as a small induction heat.
Neo information on forgeability of commercisl heats.

MACHTINABILITY Metal turned and threaded without difficulty.




NACA

ALLOY Rezistal VR
MANUFACTURFR Crucible Jteel Commpany of Amsrica

COMPOSITION  0.43% C, ©.82% 81, 0.85% Mn, 23.24% Cr, 4.79% Wi,
2.70% 1o

TREATMENT Melted in a commercial electric arc furnace, 7-inch
equare ingot. Mammer cogged b about 1900 to 2000° F

to a Zi-inch square billet with two or three reileatings.

Then rolled at about 1800 to 2000° F to a l-inch round
bar.. Heated to 1400° ¥ for 16 hours.

HARDNESS 332-377 Brinell.

TENSILE PROPERTTES*

Temper~- Tansile Yieid sitrass Prouportional Elongation ‘Reductiocn
ature strength  (1b/sq iIn.) limit (%in 2 in.) of area
(°F)  (1b/sq in.) 0.02% 0.2% (1b/sy in.) (%)
80 170,000 73,500 103,600 57,500 0.5 1.0
164,000 65,000 163,500 37,800 6.5 1.9

1200 74,00 41,000 15,000 17.5 24.7
STRESS-RCPTURE DATA AT 1200° F
S@ress Time fer Elongation Reduction
(1b/eq in.) rupture (% in 1 in.) of area

(ar) (%)
65,000 0.30 20.0 16.7
52,000 l.88 34.0 33.8
30,000 56.0 51.0 45,7
25,000 g87.0 57.0 51.4
20,000 193. 29.0 38.0

Vickers Hardness: As received - 4386
After 153 hours at 1200° F - 448
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Alloy Rezigstal VR continued

STRESS -FUPTURS PROPERTIRS AT 1200° ¥
(Estimated firom plot of test data)
Tixe for Stress
rupture (1v/271 in.)

(hr)
1 O BR 0
10 43 TN
190 4,500
1000 12,200

COMMENTS SUFPLIED BY THE MANUFACTURER

PORCEABILITY  About equal to AISI Type 3186.

MACHINABILTITY Commerclally machinable.

¥Short-time tensile tests were made using an allcy of the following
analyeis: 0.45% C, 0.82%Mn, 23.38% Cr, 4.78% Ni, and 2.89% Mo.
The method of tresatment was the same as given. Hardness valus -
403 to 397 Brinell,
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ALLOY 1L2-T1*
MANUFACTURIR Carnegie-Illinois Gteel Corporation
COMPOSTTION  0.12% ¢, 0.50% 81, 0.60% Mn, 18.0% Cr, 8.0% Ni, 2.0% Cb

TREATMENT Melted in induction furnace; 20 pound heat, 2%-1nch
squarc ingot. Pressed or frrzed to l-inch square bar

at 20500 7. Quenched in we:or from 2100° F.

BARDNESS 191 Brinell

TENSILE PROPERTIES

Terpsr- Tensile Yield stresz Proportional ?1ongation Reduction
ature strength l‘/cq in.) 14mit (%in 2 in.) of area
(“my  (1%/sg in.) O. GL,@ 0.2%  (1v/sq in. (7)
80 100,875 28,0&3 37,3500 15,000 45,0 T 62.0
98,750 25,000 36,000 15,000 43.0 62.9
1200 52,375 23,030 7,500 29.5 3¢.1

STEESS -RUPTURE DATA AT 1200°

Stress Time for Xlongation Reduction
(1b/sq in.) rupture (% in 1 in.) of area

(hr) (%)
52,000 1.13 22.0 30.3
50,062 3.70 2.0 1.7
42,000 43,0 2.0 7.3
35,000  127. 4.0 12.1
30,000 493, 6.0 6.2

Vickers Hardness: As recelved - 191
After 493 hours at 1200° F - 200
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Alloy L2-T1 continued

-

STRESS~RUPTURE PROPERTIES AT 1200° 7
(Estirated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 52,070
10 48’00
190 37,00
1000 27,000

CCMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY  Geod

MACHINABILITY Good

¥Alloys L2-T1l, L2-T2, and L2-T3 are from the same heat and differ
only in the processing following hot work.




NACA

ALLOY

L2-T2*

MANUTACTURER Carncgie-Illinoils Steel Corporation

COMPOSITION 0.12% G, 0.50% 8i, 0.60% Mn, 18.0% Cr, 8.0% Ni, 2.0%Cb

TREATMENT Melted in induction furnace; 20 pound heat, Zé-inch

HARDNESS

Tenmver-
ature
(%)

o

1200

square ingot. Presgsed or forged to l-inch square bar
at 2050° F. Quenchod into witer at 2100° F. Area o
reduced 5% in one pass throush rolling mill at 1200~ F.

199 Brinell
TENSILE PROPERTIES
Tensile Yield stregs Proportional ZElongation Reduction
strength  (1b/sg in.) limit %in 2 in.) of area
(ib/eq in.) 0,024 0.2% (ib/s3 in.) (%)
101,250 42,000 65,000 37,500 40.5 60.3
105,750 49,750 63,500 32,500 43.0 65.1
58,000 50,000 32,000 16.0 33.7

STRESS-RUPTURE DATA AT 1200° F

33,000  149.5
30,000  386.

Stress Time for Elongation Reduction
(1b/sq in.) rupture (#in 1 in.) of area

(hr) (%)

56,500 1.07 8.0 2..2
55,000 2.9 5.0 12.1
45,000 54.0 1.0 2.5
3%,000 75.5 2.0 i2.1
2.0 3.8

2.0 0.0

Vickers Hardness: As received - 204
After 386 hours at 12009 F - 239




Alloy 12-T2 continued

STRESS-RUPTURE PROFERTIES AT 1200° P
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 56,00
10 52,000
100 37,000
1000 26,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Good

MACHINABILITY Good

*Alloys L2-T1, L2-T2, and L2-T3 are from the same heat and differ
only in the processing following hot work.
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NACA
ALLOY L2-T3%
MANUFACTURER Carncgie-Illinois Steel Corporation
COMPOSITION 0.12% ¢, 0.50% Si, 0.60% Mn, 18.0% Cr, 8.0% Ni, 2.0% Cb
TREATMENT Melted in induction furnace; 20 pound heat, Zé-inch
square ingot. Prossed or forgsd to l-inch square bar
at 2050° I'. Quenched into vober et 2100° F. Area
reduced 10 to 12%in one pais through rolling mill at
1200° F.
HARDNESS 223 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportionsl Elongation Reduction
ature steength  (1n/u1 in.) limit (%4in 2 in.) of area
(°F)  (1t/sq in.) 0.02% 0.2% (lb/eq in.) (%
80 107,750 55,500 76,800 20,0C0 37.5 57.3
110,500 58,750 77,300 40,000 40.0 63.4
1200 62,000 57,000 42,500 12.0 3l.1
STRESS-RUPTURE DATA AT 1200° F
Stress Time for IElongaticn Reduction
(1b/sq in.) rupture (% in 1 in.) of area
(hr) (%)
60,000 1.81 2.0 2.1
58,000 3.61 2.0 4.2
45,000 29.0 2.0 6.1
35,000 92.5 1.0 1.0
30,000 391. 1.0 3.7

Vickers Hardness:

As received - 257
After 391 hours at 1200° F - 245
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Alloy L2-T3 continued

STPESS -RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 62,000
10 52, Cun
100 37,000
1000 26,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY  Good

MACHINABILITY Good

*Alloys L2-T1, 12-T2, and L2-T3 are from the same heat and vary only
in the processing following hot work.
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NACA

ALLOY L3-T1%
MANUTACTURER Carncgie-Illinois Steel Corporation
COMPOSITION 0.12%¢C, 2.0% Si, 0.60% Mn, 18.0% Cr, 8.0% Wi, 2.0% Cb

TREATMENT Melted in induction furnace; 20 pound heat, 2%-inch

square ingot. Pressed or forged at 2050° ¥ to l-inch
square bar. Quenched into voisr from 2100° F.

HARDNESS 204 Brinell

TENSILE PROPERTIES

Tenper- Tensile Yield stress Proportional ZElongation Reduction
ature strength  (1b/sq iu.) limit (% in 2 in.) of area
(°F)  (1b/sq in.) 0.027% 0.2% (ib/sg in.) (%)
£0 116,125 33,750 46,500 22,500 44.0 56,2
113,875 33,730 46,250 20,000 44.0 55.7
1200 57,5C0 20,600 10,000 38.0 50.7

STRESS -RUPTURE DATA AT 1200° F

Streass Time for Elongation Reduction
(1v/sq in.) rupture (%in 1 in.) of area
(hr) (%)
53,000 1.20 18.0 27.2
50,000 4.51 16.0 20.7
42,000 43.5 £.0 €.1
32,000 160, 6.0 9.1
28,000 S77. 4.0 11.5

Vickers Hardness: As received - 210
After 577 hours at 1200° F - 215
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Alloy L3-T1 continued

STRES3-RUPTURE PROPERTIES AT 1200° 7
(Bstimated from plot of test data)

Tize for Streas
rupture (1b/sq in,)
{hLr) —
1 , 54,500
10 48,000
100 36,000
1000 25,700

COMMENTS SUPPLIED BY THE MANUFACTURER

PORCTABRILITY  Good

MACHTNABILITY Good

*¥Alloys 13-T1, L3-T2, and 13-T3 are from the same heat and diff

er only
in the processing folliowing hot work,



NACA

ALLOY L3-T2%
MANUFACTURER Carnegie-Illinoils Steel Corporation
COMPOSITION  0.12% C, 2.0% 81, 0.60% Mn, 18.0% Cr, 8.0% Ni, 2.0% Cb

TPEATMENT Melted in induction furnace; 20 pound heat, 2%-inch square

ingot. Pressed or forged to l-inch squere bar at 2050° F.
Quenched intc water at 21007 F. Area reduced 5% in one pass
through rolling mill at 12059 F.

HARDNESS 228 Brinell

TENSILE PROTERTIES

Terper- Tensile Yield stress Proportional E}ongation Reduction
ature strength (lb[;q in.) limit (% in ¢ in,) of area
(%) (ib/sq in.) 0.025 0.2% (lbfeg in,) (%)
g0 118,750 58,500 75,500 40,000 40.0 52.2
121,250 54,000 72,500 40,000 40.0 53.5
1280 59,875 48,750 25,000 26.0 45.2

STRESS-RUPTURE DATA AT 1200° F

Stress Time for Elongation Reduction
(1b/sq in.) rupture (%in 1.in.) of area

(hr) (%)
58,000 1.55 11.0 24.5
56,000 4.07 6.0 17.2
45,000 34.5 4.0 6.2
35,000  176. 1.0 2.0

Vickers Hardness: As received - 223
After 176 hours at 12000 F - 261
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Alloy L3-T2 continued

STIESS-TUPTURE PROPERTIES AT 1200° F
(Bstimated from plot of test data)

Time for Stress
rupture (1b/eq in.)
Lbxd) e
1 60,770
10 55,500
100 38,600
1000 27,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FCRGEABITITY  Good

MACHINABILITY Good

*¥Alloys 1.3-T1, L3-T2, and IL3-T"

3 .
in the treatment following hot work.
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NACA
ATLOY L3-T3%
MANUTACTUSER Carregis-Illinois Steel Corporation
COMPOSITION 0.12% C, 2.0%S%, 0.60% Ma, 18.0%Cr, 8.0% Ni, 2.0% Cb
TREATMENT Melted in induction furrnace; 20 pound heat, Zé-inch square
ingot, Preseed or forged to l-inch square bsr at 2050° F.
Quenched into water at 210C° ', Area reduced 10 to 12% in
one pass “hrough rolling miil at 1200° F. -
HARDNESS 265 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Prorortional Elongation Reduction
ature strength  (1b/sq in.) limit (% in 2 in.) of area
(or)  (1v/sq in.) 0.08% 0.2%  (1b/az in.) (%)
80 122,750 70,500 88,750 42,500 23,0 53,0
127,000 72,500 93,000 42,500 38,0 55.2
1200 €7,000 67,000 37,500 20.0 42,2
STRESS-RUPTURE DATA AT 1200° F
Stress Time for Elongation Reduction
(1b/sq in.) rupture (% in 1 in.) of area
(hr) (%)
65,000 1.10 18.0 32.0
63,000 2,38 7.0 19.5
48,C00 50.25 1.0 2.4
38,000 122.,5 3.0 1.0
32,000 538. 2.0 3.0

Vickers Hardness:

As received - 285
After 538 hours at 1200° F - 273
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Alloy L3-T3 continusd

STRESS-RUPTURE PROFERTIES AT 1200° F
(Estimated from plot of test data)

Timo for Stress -
rupture (1v/sq in.)
_{or) S
1 65,000
10 5¢, 000
100 41,500
1000 28,700

COMMENTS SUPPLIED BY THE MAWUFACTURER

FORGEABILITY  Good

MACHINABILITY Good

*Alloys 13-T1, L3-T2, and L3-T3 are from the same heat and differ only
in the trsatment following hot work.




56

NACA

ATLOY 2605
MANUFACTUSER Carnegie-Illinois Steel Corporation

COMPOSITION  0.15% C, 0.25% Si, 0.85% ¥n, 13.00% Cr, 32,00/ Ni,
3.00% Mo, 2.00% W ‘

TREATMENT Melted in induction furnace; 30 pound heat., Ingot pressed
or forged to l-inch sguare »ar., Initial forging dore at
2000 to 2100° F. Final wor.ing done at relatively low
temperature in order to apgrcach the kind of "cold work"
desired, MNo further lLeat treatment.

HARDNESS 238 Brinell

TENSIIE PROTERTIES

Tenmper-  Tensile Yield gtress Properiional Elongation Reduction
ature strength  (1b/sq in.) limit (% in 2 in,) of area
(°F)  (1t/oq in,) 0.02% 0.2% (1b/sq in.) (%)
80 120,000 68,000 82,000 52,500 30,5 51.9
123,750 72,000 88,750 57,500 27.0 5l.7
1200 87,500 58,750 25,000 19,5 24,3
81,750 52,500 32,500 15.0 16.1

STRESS-RUPTURE DATA AT 1200° F

Stress Time for Elongstion Reduction
(1b/sq in.) rupture (% in 1 in.) of area
(hr) (%)
75,000 0.78 15.0 2%7.9
70,000 1.20 14.0C i6.8
50,000 39.0 8.0 1z.1
40,000 146. 6.0 9.7

Vickers Hardness: As recelved - 247
After 146 hours at 1200° F - 233
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Alloy 2605 continued

STTESS~-RUPTURE PROPERTIES AT 12000 F
(Estimated frocm plot of test data)

Tire for Streas
rupture (1b/sq in.)
(hr) .
1 73,500
10 62,002
100 43,000
1000 28,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORCEABILITY Falr

MACHINABILITY PFair
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ATIOY 2606

MAWUFACTURER Carnsg

ie~I1llinois Steel Corporation

COMPOSITION 0.15% C, 0.25% Si, O, PS‘gMn, 13.00% Cr, 32.00% Ni,
2. 50% CO, 5,00% Vo, 2.00% W

TREATMENT Melted

2000 t

in induction furnace; 30 pound heat.
or forged to l-inch square tarvr.

o 2100° F.

Ingot pressed

Initial forging done at
Final wor -ing done at relatively low

temperatuire in order to approach the kind of "cold work"

desired. DNo further heat treatment.
HARDNESS 201 Brinell
TENSILE PROTERTIES
Temper-  Tensile Yie'd stress DPronorticnal Elongation Reduction
ature strength \1u/dq in,) 1'mit (% in 2 in,) of area
(°F)  (1t/sq in.) 0.02% _0.2% (1b/cg in.) (%)
80 115,000 57,500 71,000 50,000 21.0 55.6
112,500 61,000 70,000 55,000 36.0 58.3
1200 77,000 41,250 25,000 15.0 17.5
76,750 48,500 27,500 11.0 18,1
STRESS-RUPTURE DATA AT 1200° F
Stress Time for Elongation Reduction
(1b/sq in.) rupture (% in 1 in.) of area
(hr) (%)
73,000 1.45 10.0 9.6
68,000 4,58 1C.0 19.5
50,000 38.0 10.0 9.1
38,000 211, 7.0 13.7

Vickers Hardness: As received - 212
After 211 hours at 1200° F - 224
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Alloy 2606 continued

\Estimated frou plot of test data)

Tine for Stress
rUPSUrS (1b/sq in.)
Ly
1 75,500
10 62,000
100 42,200
1000 29,000

COMMINTS SUPPLIED BRY THE MANUFACTURER

FORGEABILITY Fair

MACHEINABILITY Fair
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NACA
ATIOY 2507
MANUF/CTUFZR Carnegie-Illincis Stoel Corporation
COMPOSTIHION  0.30% ¢, 0,25% 51, 0.85% Mn; 12.00% Cr, 32.00% Ni, 3.00% Mo,
2.009 W
TREATMEINT Maited in iaduction furnacs; 30 pound heat. Ingot pressed
or Torged to l-inch sjuarc ber. Initial forging done at
2000 to 2100¢ F. Final werking done at relatively low
tegrerature in order to approach the kind of "cold work"
desired. No further heat treatment.
HARDNESS 232 Prinsll
TENSILE PROPERTIES
Tempsr- Tensile Yield stress Progortional Elongation Reduction
ature strength  (lb/sq in,) Livit (% in 2 in.) of area
(°7)  (lb/sg in,) 0,025 C,2p (1b/eq in.) (%)
80 113,250 40,300 62,500 25,000 28,0 45,2
119,750 53,300 76,0C0 40,000 8.0 44.0
1200 81,500 4'7,500 30,000 14.0 17.3
85,500 58,500 32,500 14.0 14.8
STRESS-RUPTULE DATA AT 1200° F
Stress Timz for Elonzation Reduction
(1b/sq in.) ruptire (% in 1 in.) of area
(nx) (5
75,000 0.13 24,0 36,0
£5,C00 773 2.0 6.1
59,000 22.4 13.0 16.1
3%,000 666. 6.0 7.3

Vickers Hardness: As received - 249

After 666 hours at 12000 F - 227




COMMENTS SUFPLIED BY THE MANUFACTURER

Alloy 2807 continued
( imated I
Time for
UG 3
i;v)“_
1
0
100
1000
4 FORGEABILITY  Fair
MACHINABILITY Fair
I 4

STRESI-RUPTURT PROFERTITS AT 1200° F
Est

o tict of test date)

29,500
60,000

2,000
31,000
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ALIOY 2608
MANUFACTURER Carnegie-Illinois Steel Corporation

COMPOSITION 0.30%cC, 0.25%Si, 0.85% Mn, 13.00%Cr, 32.00% Ni,
2.50% Co, 3.00% Mo, 2.00%W

TREATMENT Melted in induction furnace; 30 pound heat. Ingot
pressed or forged to 1l-inch sjuare bar. Initial
forging dcae at 2000 to 21.00° F. Final working done
at relativsly low temperature in order to approach
the kind of "cold work" desired. No further heat

treatment.
HARDNESS 219 Brinell
TENS.LE PROFTEPTIES
Teuper- Tensile Yield stress DProportional Elongation Reduction
ature gtrength  (1b/aq in.) 1irlt (% in 2 in.) of area
(°F) (1b/sg in.) 0.02%4 0.2% (lb/sq in.) (%
80 122,250 66,00 83,000 52,500 26.0 40.1
117,500 60,000 78,500 45,000 24.0 39.8
1200 86,375 63,500 35,000 11.0 13.1
88,250 61,500 37,500 12.0 16.1

STRESS-RUTTURE DATA AT 1200° F

Stress Time for ZElongation Reduction
- . R N
(1v/sg in.) rupture (% in 1 in.) of area

(nr) (%)

78,000 0.12 23.0 21.2
70,000 0.95 15.0 34.4
66,000 2.80 8.0 16.7
50,000 36.75 14.0 23.4
33,000 1403, 6.0 9.1

Vickers Hardness: As received - 223
After 1403 hours at 1200° F - 240




Alloy 2508 continued

STRECS -FUPTURE PROPERTTES AT 1200° F
(Zstimated frow plot of test data)

Tiwe for
ruptiuss
(x)
1
10
1C0
1200

Stress
(1v/8q in.)
70,000
53,000
44,600
34,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Fair.

MACHINABILITY Fair.
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NACA

ATLOY

MANUFACTURER

COMPCE ITIOoN

L4
Carnegzie-Illinois Cteel Corporation

0.11% 0, 0.26% £1, 0.67% ¥n, 12.56% Cr, 32.53% N1,
10.95% Co, 5.70 $Mo, 2.14%W, 0.067%Np

TEEATMENT Melted in an induction furmace, 20 pound ingot. Hot
forged to about l-inch square bar. Leated 1 hour at
2050° F and guenched in vater. Rebeatea to 1200° F
and reduced in area approximabely 10% by rolling.
HARDNESS 232 Brinell
TENSITE PLOTPERTITS
Temper- Tensile Yield stress Promortional F;ongatnon Reduction
ature strength LH/S& 1m.) limit (%4in 2 in.) of area
(°F)  (ib/eq in.) O. c2%  0.2%  (I3/eq in.) (%)
80 115,500 66,800 85,500 42,500 26.5 55.2
115,750 72,200 89,000 40,000 27.0 57.3
1200 85,000 67,500 20,000 9.0 16.7
85,250 65,300 27,500 12.0 17.7

STRESS-RUFTURE DATA AT 1200° F

Stress Time for Elongation Reduction
(1b/sq in.) rughure (% in 1 in.) of area

(nr) (%)
76,000 0.95 2.0 15.1
68,000 1.60 1.0 7.3
47,600 22.0 1.0 9.7
44,000  100.0 3.0 2.3
35,000 493.,0 1.0 1.0

Vickers Hardness: Asg received - 247

After 493 hours at 1200° F - 252



L)

Alloy L4 continued

7 PROPORTITS AT 1200° F

~om plot of test data)

Stress
(15/5q )

74 ,C\)C’

56,600
42,000
32,000

COMMEN{S SUPPLIED BY THE MANUFACTURER

FORGEABTLITY  Good,

MACHINABILITY Good.
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ATTOY L7
MANUFACTURER Carnegie-Illinois Steel Corporation

COMPOSTITION  0.36% C, C.44%Si, 0.47%Mn, 32.40% Ni, 12. 42% Cr,
3. 92/,Mo 2.51% W, 9.55¢ 000, .05% NN,

TREATMENT Melted in an induction furnace, 20 pound ingot.
Hot forged to abeoub leinch square bar. Heated
to 20500 F for 1 hour and water gusnched. Re-
heatad to 1200° ¥ and reduced in area 10% by
rolling. ALir cooled.

HARDNESS 307 Brinell

TENSILE TROPERTIES

Terper- Tensile Yle‘d stress Provortional Elcngation Reduction
ature strenguh (1, sq in.) Limit (% in 2 in.) of area
(°F) (1b/sq in.) 0.02% 0.2% (1b/sg in.) (%)
80 144,250 107.000 127,000 95,000 17.5 30.6
151,000 106,300 130500 90,000 8.5 21.6
1200 89,250 77,000 57,5C0 4.5 6.3

STRESS-RUPTURE DATA AT 1200° F

Stress Time for Elongation Reduction
(1b/sg in.) rupture (% in 1 in,) of area
_(ir) (5)

80,000 .93 1.0 2.4
72,000 3.00 0. 0.

56,000  179.5 4.0 3.7
45,000  284.0 1.0 1.2
40,000  265.5 4.0 4.8

Vickers Hardness: As received - 343
Afier 565.5 hours at 1200° F - 274
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Allcy L7 continued

FORGEABILITY

MACHZINABDILITY

STRESS-RUPTURE PROPIRTIES AT 1200° F
(Estimated from plot of test date)

Time for Stress
runture (1b/sq in.)
by e

1 82,000

10 65,000

1C0 52,000

1000 36,000

COMMENTS SUPPLIED BY THE MANUFACTURER

Tair.

Good.
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NACA
ALLOY L1-T3*
MANUFACTURER Carnegie-I1llinois Steel Corporation
COMPOSITION  O. 30% c, 0.80 /ool 0.50% Mn, 13.0% Cr, 33. 0% Ni, 10.5% Co,
3. Sﬁ;Mo, 2,19 W
TREATMENT Melted in induction furnace; 20 pound heat, 2§~inch
square ingot. oyegsed or forged to 1- inch square
bar at 20500 F., Quenchced into water from 21000 F.
HARDNESS 197 Brinell
TENSTLE PROPERTIES
Temper- Tensile Yield stwnas Proportional Elongation Reduction
ature strength (lc/su in ) 1iuit (% in 2 in.) of area
(oF) (1b/sq in,) 0.02% _0.2% _ {ib/=q in.) (%)
80 113,825 37,500 u4,COO ©0,000 36.0 70.1
114,625 45,500 54,500 37,500 35.0 52.8
1200 82,500 42,500 12.0 15.2

86,500 42,500 20,000 13.0 4.1

STRESS-RUPTURE DATA AT 1200° F

Stress Time for Flongation Reduction
(1v/sq in.) rupture (% in 1 in.) of area

(hr) (%)
70,000 0.97 6.0 - 10.8
65,000 4,10 —— 12.1
50,000 28.5 16.0 22.7
40,000 135, 11.0 8.5
35,000 589. 11.0 14.5

Vickers Hardness: As received - 261

After 589 hours at 12000 ¥ - 234




69

Alloy L1-T1 continued

STRISS-RUPTURT PROPERTIRES AT 1200° ¥
(Bstimatsd from plot of test data)

Tims for Stress
ruptice (1b/eq in.)
(a2
1 70,000
10 58,000
100 43,000
1000 32,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Fair.

CHINABILITY Fair.

*Alloys L1-T1, L1-T2, and L1-T3 are from the same heat and differ
only in the processing following hot work.
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NACA
ALLOY L1-T2%
MANUFACTURER Carnegie-Illinois Steel Corporation
COMPOSITION  0.30% C, C.60% 81, 0.50% Mn, 13.0% Cr, 33.0% Ni,
10.5% Co, 3.5% Mo, 2.1% W
TREATMENT Melted in induction furnace; 20 pound heat, 25-inch
square ingot. Pressed or forged to l-inch square
bar at 20500 F. Quenched into water from 2100° F.
Area reduced 5% in one pass through roiling mill at
1200° F.
HARDNESS 251 Brinell
TENSILE PROFERTIES
Temper- Tensile Yield stress Propcrtional Elongation Reduction
ature strength  (1b/sq in.) Limit (% in 2 in.) of area
(°F)  (1b/sq in.) 0.02% 0.2%  (1b/eq in.) (%)
80 124,250 73,000 91,000 55,000 28.0 31.5
129,875 82,000 102,000  6GC,000 22.5 38.5
1200 95,125 82,500 45,000 5.0 6.6

STRESS-RUPTURE DATA AT 1200° F

Streas Time for Flongaticn Reduction
(1b/sq in.) ruptwre (% in 1 in.) of area
(tre) (£)
72,000 1.42 1.¢ 9.7
65,000 5.03 1.0 3.8
50,000 84.0 3.0 4.3
40,000 344, 6.0 6.7

Vickers Hardness: As received - 262

After 344 hours at 1200° F - 251
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Alloy L1-T2 continued

STRESS-RUPTURE PROPERTIES AT 1

200° F

(Fetimated from plot of test data)
Time for Stress
ruphire (1b/sq in.)

) .
1 74,000
19 62,000
100 28,500
1000 33,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY PFair,

MACHINABILITY Fair,

*Alloys L1-T1, L1-T2, and L1-T3 are from the
only in the processing following hot work.

same heat and differ
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ALLOY L1-T3*
MANUFACTURER Carnezie-Illinois Steel Cocrporation

COMPOSIYION  0.3C% C, 0.60% €1, 0.5Ch Mn, 13.0% Cr, 33.0% Ni,
10.5% Co, 3.54 Mo, 2.1% W

TREATMEN Melted in induction furnzcs; 20 pound heat, 2%-inch
gquare ingot. Pressed or forged to l-inch square bar at
2050° . Qusnchsd into water from 21009 F. Area reduced
10 to 12% in one pass through rolling mill at 1200° F.

HARDNESS 291 Brinell

TENSTLE PROPERTIES

Temper- Tensile Yie;d ctress Provorticnal Elongation Reducticn
ature strength  (i/s¢ in.) limit (% in 2 in.) of area
(°F)  (1v/sy in.) 0.02% _0.2%  (i%/eq in.) (%)
80 143,250 102,000 125,0C0 70,000 17.0 32.1
142,750 102,50C 127,500 72,500 17.5 38.4

1200 101,875 90,625 55,000 5.5 3.7
STRESS-RUPTURE DATA AT 1200° F
Stress Time Tor Elongation Reduction
(1v/sq in.) rupture (% inl in.) of area

. thr) (i)
80,000 0.37 3.0 4.8
75,000 0.85 3.0 2.3
68,000 1.57 2.0 4.8
50,000 110.5 4.0 3.7
40,000 538, 4,0 3.7

Vickers Hardness: As received - 315
After 538 hours at 1200° F - 277




Alloy L1-T3 continued

STRESS-RUPTURE PROPIRTIES AT 12000 F
\Ectimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
_(br}
1 74,000
10 62,C00
100 50,000
1600 37,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Fair.

MACHTNABILITY Fair.

*Alloys 11-T1, L1-T2, and L1-T3 are from the same heat and differ
only in the prccessing following hot work.
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NACA

ATIOY

Age Hardenable Inconel

MANUFACTURER International Nickel Company, Inc.

COMPOSTTION 0.03% C, 0.52% 8i, O. 53p Mn, 0,10% Cu, 74. 82% Ni,
14.40% Cr, 0.63% Al, 2. 7% Tl 6.174 Fe, OO7P S.
TREATMENT Hot-rolled 7/8-inch round tar, Heated 2 hours
at 1950° T and water quenched. Aged 16 hours
at 13000 F,
HARDNESS 308 Brinell
TENSTLE PROPERTTES
Temper- Tensile Yield strers FProportioral Elongation Reduction
ature strength  (1b/eg in.! it (% in 2 in.) of area
(°F)  (1b/sq in.) 0.0z 0,25  (1v/xq in.) ()
80 178,500 107,500 118,000  70C,000 28.5 41.3 .
177,500 101,000 118,3C0 70,C00 27.5 38.9
1200 123,500 106,€00 £0,000 6.0 11.6 -
130,500 107,500 47,500 7.C 10.3
STRESS~-RUPTURE DATA AT 120C° F
Stress Tirne for Elongation Reduction

(1b/sq in.) ruptwre (% in 1 in.) of area

hr) : {5)

110,000 .42 5.0 12.1
20,000 4.85 4.0 10.0
60,000 38.0 3.0 13.2
50,000  288.0 1.0 1.2
45,000  377.0 0. 1.2
44,000  49C.5 2.0 0.

Vickers Hardness: As received - 330
After 490.5 hours at 1200° F - 358
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Alloy Age Hardenable Inconel continued

FORGEABILITY

MACHINABILITY

STRESS-RUPTURE PROPERTIES AT 12000 F

(Estimated from plot of test dats)
Time for Stress
rupture (1v/sq in.)

Ibl"‘
B
1 103,000
10 84,000
100 59,600
1000 38,000

COMMENTS SUPPLIED BY THE MANUFACTURER

Billets to be forged should be hested rapidly to
2050 to 2250° F and not ailcwed to "scak". The
metal shouid be charged into a furnace at tempera-
ture and should nct be hsld longer than 1/2 hour
after reaching terperaturs., The neating furnace
atmcsphere should be slightly reducing. An excess
of 2% ¢ is recommended.

The best heating temperature for forging is 2225
+25° F and working must be discontinued when the
piece cools to 1900-2000° F range. The metal must
then be reheated for further forging.

ot

Provigion must be made tc cocl the al T
hot-working temperature to a black heat in less

than three minutes,

The 0.02% offset yield strength at room temperature
can be increased by as much as 50% by heating to
1200-1400° F end reducing 15% under a hammer.

Annealed stock has been cold formed at room tompera.-
ture without difficulty in etandard dies and presses,

Machine with high speed or carbide tocls at reason-
able speeds such as must be used on any metal of
similar hardness and yield strength.
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NACA

ALZOY Nimonic €0
VANUFACTURER Internatioral Nickel Company, Inc.
COMPOSITION  0.04% C, 0.49% S1, 0.56% im, 0.04% Cu, 74.23% Ni,

21.18% Cr, 0.63% Al, 2.44% Ti, 0.38% Fe, 0.00S% S.
TREATMENT Hot-rolled l-inch rouné bur. Heated 2 hours at

19500 F end water quenched. fged 16 hours at

1307° F.
HARDNESS 260 Brinell

TENSILE PROPERTIES
Temper- Tensile Yield atress Prcoportional ‘ Reduction
ature gtrength (1b s¢ im.) 1imi* Tlongation of area

(3) (b/sg in.) 0.27% 0k (/s dn) (b in2in)  (E)

80 149,500 82,300 89,870 - 75,000 39.5 39.8
153,000 80,200 83,800 75,600 36.5 33,6

1200 97,500 77,000 30,000 14.5 20.8
93,000 76,800 30,000 9.0 15.1

STRESS-RUPTURE DATA AT 1200° F

Tire for Reduction
Stress rupture longation of erca

(1v/sq in.) (nr) (P in 1 in.) (%)

82,000 0.22 1.0 9.7
7%,000 11.03 8.0 12.1
60,000 £8.0 1.0 1.8
50,000  227.5 2.0 5.5
44,000 0.0 1.0 0

44,000  376.0 2.0 1.2
42,000 87.5 3.0 2.4
42,000  252.5 2.0 1.2

Vickers Hardness: As received - 2890

After 252.5 hours at 1200° F - 308
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Alloy Iimonic 80 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Zstimated Trom plot of test data)

Time fou Streass
rirture (1b/eq in.)
_{bx) —_—
1 75,000
10 €1,000
100 45,000
1000 59,600

COMMENTZ SUEPLIED BY THE MANUFACTURER

FORGEABILITY Billets to be forged should be heated rapidly to
2050 to ¢250° F arnd nobt allcwed to "soak". Ths
metal shcid be charged into a furnace at tempera-
ture and should nct bz reld longer than 1/2 hour
after reaching *ermversiirse, The heating furnace
atmosphere should be slightly reducing. An excess

£ 2% C is recomended.

The best heatirg temperature for forging is 2225
+25C F and working must be Giscontinued when the
piece cools to 1900-2000° F rangc. The mestal must
then be rehcated for further forging.

Provision must be made to cool the metal from the
hot-workirng terperature to a black heat in less
than three minutes,

The 0.0Z% offset yleld streugth at room temperature
can be increased by as much as 507 by heating to
1200-1400° F and reducling 15% under & hemmer,

Annealed stock has been cold formed at room tempera-
ture without difficulty in standard dies and presses.

MACHINABILITY Machine with high speed or carbide tools at reason-
able spceds such as must be used on any metal of
similar hardness and yield strength.
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NACA
ATTOY 17W - Annsaled* (B7162)

MANTFACTURER Universal-Cycleps Steel Corporaticn

COMPOSITION  0.495 €, 0.615 81, 0, &% 1n, 13.12% Cr, 19.11% Ni,
0.580, ¥o, 2.3°% VI, 0. 0505 Mo
TREATMENT Mslted in an 2lectric arc falnace, 12,000 pound heat.
Tngots hamnor cogged. Rolled ab ‘5/18090 F to 3/4-
inch sguers bar. Then air ooled from 2150° F.
HARDNESS 192 Brirell
TENSILE PROPERTIES
Temper- Tengile vigld gstross Proportional Reduction
atuce strength (Ab/sa fo) limit Flongation of area
(93)  (1n/sg in.) 0.07H__GC.2k  (1b/mu in) (4 in 2 in.) _ (%)
80 109,000  3%,000 48,200 25,000 39.0 44,6
109,625 36,500 48,500 27,500 39.0 36.9
1200 7C,00C 28,C00 15,000 156.0 16.7
68,500 28,000 10,000 19.0 14.5
STRESS-RUPTURE DATA AT 1200° T
Time for . Reduction
Stress rupture Elongation of area
(b/sq in.) _(hr)  (F tn ) in.) (%)
55,000 0.50 6.0 12.2
43,000 6.2 - 6.1
35,000 85.0 2,0 1.3
32,000 641, 2.0 5,1
3n,000 741, 2.0 2.5

Vickers Hardness: As received - 206
After 741 hours at 1200° F -~ 248
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Alloy 17W - Annealed contlnued

FORGEABILITY

MACHTNABILITY

*¥Alloys 17W, 17WH, and 17WA are from the same heat and differ only

in processing.

STRTSS-RUPTURE PROPTIRTIES AT 12000 F
(Estimated from plot of test data)

Time for Stresy
rurture (1t/sq in.)
_ )
1 55,000
10 44,000
100 35,900
1799 29,000

COMMENTS SUPPLIED BY TEE MANUTFACTURER

Used ae a standard for comparison with other
Universal-Cycleogs alloys. More difficult than
"18.8" grades,

Used as a standard for comparison with other

Universal-Cyclops alloys. More difficult than
"18-8" grades.
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NACA
ALIOY 17W - Hot Rolled* (B 7182)
MANUFACTURER Universal-Cyclops Steel Corporation

cowposTTIOoN  0.4%% ¢, 0.61% 51, 0,615 M, 13.12% Cr, 19.11% w1,
0.58b Mo, 2.360 W

TREATMENT Melted in electric arc furnace, 12,000 pound heat.
Ingots hammer cogged. Rolled at 2045/18000 F to 3/4-
inch square bar, Stress relieved by soaking thru at
1200° F. Air cooled,

HARDNESS 208 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Prorortional Reduction
ature strength (1v/sq in.) linit Tlongation of grea
(°F)  (1b/sq in.) n.c2%  6.2% (1v/sq in.) L% in 2 in.) (%)

80 110,000 43,500 57,500 27,500 31.0 40,8

108,000 36,250 56,250 20,000 33.0 40.8
1200 63,250 33,500 10,000 32.0 35.7
64,750 33,500 10,000 31.5 32.2

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture g;ongation of area
(1b/sq in.) _ (bw) ($inl in) __ (D)

58,000 0.83 34.0 32.0
53,000 1.92 24,0 26.7
40,000 11.0 24,0 22.8
35,000 41,0 25.0 30.9
30,000 165. 24.0 26.7
26,500 170. 22.0 28.7
25,000 205. 26.0 34,5

Vickers Hardness: As received - 219
After 205 hours at 1200° F - 200
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Alloy 17W Hot Rolled continued

FORGEAGILITY

MACHINABILITY

*Alloys 17W, 17WH, and 17WA are from the same heat and differ only

in processing.

STRESS-RUPTURE FPROPERTIES AT 1200° F
Getimated from plot of test data)

Time for Stress
rurture (1b/sq in.)
1 56,000
10 42,500
100 35,000
1009 21,000

COMMEI'DS SUPPLIFD BY THE MANUFACTURER

Used ag a standard for comparison with other
Uaiversal-Cyclops alloys, blore difficult than
"18-8" gradcs,

Used as a standard for comparison with other
Universal-Cyclops alloys. More difficult than
"18-8" grades.

8l
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NACA

ALLOY 17W - "Cold" Worked* (Rolled at 1200° F)(B7182)

MANUFACTURER Univereal-Cyclops Steel Corporation

COMPOSTTION  0.40% €, 0.614, 81, 0,61% ¥n, 13,125 Cr, 19.11% Ni,
0.58% Mo, 2.3%¢ W, 0.030% Ng

TREATMENT Melted in electric arc furnace, 12,000 pound heat.
Tngots hewier cogged, Rolied at 2045/1800° F to 7/8-
inch scuare bar. Rolled a% 1200° F to 20.8e reduction
in ares. Stress relieved by egoaking thru at 1200° F,
Air cooled.

HARDNESS 335 Brinell

TENSILE PROPERTIES
Tempsr-  Tensile Yield stress Preoportional Reduction
ature strength (iv/sq in.) it Elongation of area

(°?)  (ib/sq in,) 0.0¢%  0.2¢  (Cb/nq in.) (% in 2 in.) (%)

80 164,000 102,000 151,500 62,500 14,0 23.7
163,750 121,000 154,000 65,000 13,0 23.7
1200 99,000 72,000 37,500 6.0 24.8
100,375 76,000 30,000 6.0 9.7
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture  Elongation  of area

(1b/sq in.) (ar) (%in 1 in.) _ (D)

84,000 0.43 8.0 7.3
74,000 1.18 9.0 10.9
45,000 50.0 12.0 13.3
38,000 70.5 10.0 6.1
37,000 129.0 10.0 17.8
31,000 176 5 8.0 6.2
25,000 456, 9.0 9.1

Vickers Hardness: As received - 323

After 456 hours at 12000 F - 250
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Allecy 17W - "Cold" Werked continued

FORGEABILITY

MACHINABILITY

*Alloys 17W, 17WH, and 17WA are from the same heat and differ only

in processing.

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/eq in.)
)
UK S ¥% /
1 76,C00
10 57,000
1¢0 37 200
1009 20,500

COMMENTS SUPPLIED BY THE MANUFACTURER

Used as a standard for comparison with other
Universal-Cyclops alloys. More difficult than
"18-8" gredes,

Used as a standard for comparison with other
Universal-Cyclops allcys. More difficult than
"18-8" grades.
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NACA

ALLOY 17W-Hot Worked (Rolled at 1700° F.)(B7436)

MANUFACTURER Universal-Cyclops Steel Ceorporation

COMPOSITION  0.48% €, 0.47% Si, 0.58% Mn, 13,38% Cr, 19.10% Ni,

0.66% Mo, 2.55% W.

TREATMENT Melted in electric arc furnace, 12,000 pound heat,
Hammer forged. Rolled at 2045/1800° F to 7/8-inch
sguare bar, Heated 1 hour at z100° F and air cooled.
Reheated to 1700° F and reduced in area 23.74% by
by rollinz. Stress relieved by heating through at
1200° F and air cooled,

HARDNESS 228 Brinell

TENSILE PROPERTIES

Terper- Tenglle Yie;i gtress Proportional Reduction

ature strength (lb[sq in,) limit Elongation of area

(°F)  {1dv/eg in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) (%)

80 114,500 74,000 €8,000 60,000 32.0 55.0
115,000 75,000 88,000 62,500 32.5 54

1270 73,750 65,000 35,000 10.0 17.7

72,250 58,200 32,500 14.0 21.1

STRESS~-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupturse Elongation  of axres

(1b/sg in.) (ar) (% in 1 in.) (%)

63,000 0.67 10.0 15.6
55,000 3.83 4.0 6.2
45,000 98.5 3.0 8.6
40,000 249.0 6.0 8.6
35,000 550.0 3.0 1.0

Vickers Hardness: As received - 212

After 550 hours at 12000 F - 243
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Alloy 17W-Hot Worked (Rolled at 1700° F.)(B7435) continued

FORGEABILITY

MACHINABILITY

STRESS~-RUPTURE PROPERTIES AT 1200° F
(Zstimated from plot of test data)

Time feor Stress
rupture (1b/gq 1in.)
(hr)
1 62,000
10 52,000
180 45 )00
1000 32,000

2

COMMENTS SUPPLIED BY THE MANUFACTURER

Used as standard for compafison with other
Universal-Cyclops alloys. BMore difficult than
"18-8" gradica.

Used as standard for comparison with other
Universal-Cyclops alloys., More difficult than
"18-8" grades.
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NACA

ATTOY

Libiians

MARTTFACTTRER

COMPOSITICN

SATMIENT

HARDNESS

Universal-Cyclops St

0. 49% ¢, 0.75% s1, 0,77%
0. 0595 Na

0 81/0 MO UZ% W,

Melted in an induction furrace;
Haxmer Porgpd at 2050/1785° F.

7/8-1nch square bar,
2100° ¥ and air cooled.
reduced xn arvea 17. 80% by rolling.

1900° F +o

eel Corporation

Mn, 13.41

Rolled

% or,

(R1644)(Rolled at 1200° F.)

20,26% Wi,

33 pound ingot.

at 2090/

Heated 1 hour at
Rehoated to 1200° F and
Stress relieved

by heating through at 1200° F and air cooled.

313 Erinell

TENSTLE PROPERTIES

Temmper- Tensile Yield sbtress Proporticnal Reduction
ature strength l‘/sq in. ) 1imit Elengation of area
(°r)  (lb/eq in.) O. oft o0, (1b/sq  1in.) (% in 2 in.) (%)
€0 158,500 112,800 138,500 20,000 15.5 20.2

149,500 103,000 13C,000 8u:v 132.5 28.2
1270 94,000 21,259 50,000 10.0 18.8
98,750 86 250 50,000 10.0 1&.8

STRESS~RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Flongation of area
(1b/sq in,) (hr) (% 4n 1 in.) (%)
82,000 0.70 8.0 14.5
72,000 1.83 5.0 6.2
50,000 %8.0 10.0 12.1
40,000 105.0 14.0 16.7
37,000 132.90 4.0 2.8
34,000 204.0 6.0 7.3

Vickers Hardness:

As received - 315
After 204

hours at 1200° F - 252



Alloy 17W-"Cold" Worksd (R1644)(Rolled at 1200° F) continued

FORGEABILITY

MACHIRABILITY

STRESS~RUFTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Streas
rupture (1b/sg ia.)
(hr)
1 79,500
10 63,300
100 40,270
1000 23,000

COMMENTS SUPPLIED BY THE MAWUFACTURER

Used as standard for comparison with other

Universal-Cyclops alloys. More difficult than
"18-8" gracdes,

Used as standard for comparison with other

Universal-Cyclops alloys. More difficult than
"18-8" grades,
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NACA
ATLOY 177-NM (R1658)
MANUFACTURER Universal-Cyclops Steel Corporation
COMPOSITION 0.48“ c, 0. 08 Sl C. 486 Mn, 20, 2?% Cr, 20. 21% Ni,
0.67% Mo, 2. bOp w 0.16/0 g
TREATHMENT Mslted in an induction furnace; 33 pourd ingot. Hot
forged to 7/8-inch squares, Feated 1 hour at 2100° F
and air cooled. Reheated to 1200° F and reduced in
area 20P by rolling, Stress relieved by heating
through at 1200° F and air cooled.
HARDNESS 323 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Reduction
ature strength (1b/sq Ln ) 1init Elongation of area
(°F)  (1b/nq in.) 7.025  0.35  (1b/sg in.) (P in2 in.) _ (3)
8n 159,000% 8.0 18.9
153,500 101,000 132,500 70,000 8.5 11.1
1200 102,000% 10.0 29.8

*Tensile tests on 0,160 inch diemeter bars.

STRESS-RUPTURE DATA AT 12000 F

Time for Reduction
Stress rupture Elongation of area

(1b/sq in.) (hr) (Pin1 in.) (%)

90,000 .67 6.0 17.2
83,000 1.55 4.0 2.5
58,000 40.5 5.0 3.6
50,000 66.0 2.0 3.6
45,000 70.5 5.0 7.3
40,000  180.5 6.0 7.3

Vickers Hardness: As received - 330

After 180,5 hours at 1200° F - 284




Alloy 17W-NM continued

STRESS-RUFTURE PRCPFRTIES AT 1200° F
(Estimated from plot of test data)

Time for tress
rupture (1b/sq in.)
(hr)
1 86,500
10 70,500
100 46,000
1000 28,000

COMMENTS SUPPLIED BY THE MANUFACTURER

fore 4

MACEINABILITY About the same asg 17W.
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NACA
ALT.OY 17 W.Cb (E735)
MANTFACTURER TUniversal-Cyclops Steel Corporation

COMPOSTTION  0.47% ¢, 0.84% 81, 0.61% Mn, 12.59% cr, 19.06% N1,

0.63% Mo, 2.38% W, 1.08% Cb

TREATMENT Melted in electric arc furnece, 2000 pound heat.
Rolled at 2055/1850% F to 7/3-inch sguare var, then
rolled at 1200° F to 20.68% reduction in arsa, Ctress
relieved by soaking thru at 1200° F. Air cooled.

HARDNESS 335 Erinell

TENSILE PROPERTTIES

Temper- Tensile Yield stress Propertional Reduction
ature strength (1b45q in.) iirit Elongaticn  of area
(50 (ipfsq in) 0,07 0.8k (v/eq in} (Binzin.)  (R)
80 155,000 123,000 146,000 90,000 15.5 32,7
156,500 127,000 148,500 105,000 15,0 31.7
1200 102,500 91,000 22,500 7.0 21.4
1C5,500 gl ,500 30,000 9.5 18.5

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation  of area
(1b/8q in.) _ (nr) (b in 1 in.) (%)
88,000 1.28 2.0 6.2
2,000 2.52 2.0 6.2
50,000 £9.5 2.0 1.7
37,000 218, 3.0 2.4
20,000 504. 4.0 2.4

Vickers Hardness: As recelved - 307
After 504 hours at 1200° F - 261
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STRESS -RUPTURE PROPFRTIES AT 1200° F

|
|
lo» Alloy 17 W-Cb continued
(Estimated from plot of test data)

Time *or Stress
rupture (1b/=q in.)
(hr)
1 84,000
10 69,000
159 45 ,70A
1000 25,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY  Forges hetter than

MACHINABILITY About the same ag 17W.




NACA
ALLOY Low Cerbon 17W ~ Annealed* (A9476)
MANUFACTURFR Universal-Cyclops Steel Ccrporation

COMPOSITION  0.28% C, 0.72% s1, 0,72% ¥n, 12.56% Cr, 19.35%h N1,
0.62% Mo, 2.12% W.

TREATMINT Melted in an electric arc furnace; 12,000 pound
heat, Hammer forged. Rolled at 2090/1900° T to
3/4-inch square bar, Heated 1 hour at 2100° F
and air cooled.

BARDNESS 184 Brinsl

TENSTLE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
ature strength (1b/zq in.L 1imit Elongation of area
(°F)  (ibfeq in.) 0.c2h  o.2%  (1ofog in) (hinz2in)  (B)

80 101,500 40,000 48,720 32,500 43,0 57.5

101,750 40,000 48’750 32,500 42,0 56.2
1200 76,250 31,800 17,800 23.0 27.2
72,500 28,500 17,500 27.0 27.2

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1v/sq in.) (nr) ($in1 in,) (B

66,000 0.33 17.0 24.5
6,000 2.37 12.0 20.5
45,000 91.0 12.0 18.9
40,000 276.,0 1¢.0 c2l.2
56,000 686.0 13.0 12.3

Vickers Hardness:; As recelved - 185
After €86 hours at 1200° F - 224
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Bl loy Low Cerbon 17W - Annesaled continued

STRESS~RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq 1in.)
(br)
1 60,000
10 . 54,000
100 44,07
1000 34,000

COMMENTS SUPPLTIED Bi THE MANUFACTURER

FORGEABILITY Somewhat better than 17W

MACEINABILITY Somewhat better than 17W

-)

*Alloys Low Carbon 17W - Annealed, Low Carbon 17W - Hot worked and
Low Carbon 17W -~ "Cold" worked are from the same heat and differ
-——-0nly in procegsing,
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NACA
ALLOY Low Carbon 17W - Hot Worked* (A9476)
MANURACTURER Univereal-Cyclops Steel Corporation

coMposTTTON  0.28% ¢, 0.72% 51, 0.72% Mn, 12,56% Cr, 19.35% N1,
0.62% Mo, 2.12% W,

TREATMENT Melted in an electric erc furnace; 12,000 pound
heat, Hammer forged. Rolled at 20 90/L9OOO

to 7/8- inch square bar. Heated 1 hour at 2100° F
and air cooled, Reheated to 1700O F ard reduced
in area 24.47% by volling., Stress relieved by
heating through at 1200° F ard air cooled.

:r‘

HARDNESS 230 Brinell

TENSTLE TROPERTIES

Tewmpsr-~ Tensils Yield stre 1 Pronortional Reduction
ature strength (Lh/sq in,) limit %&ongation oflﬁrea
(°7)  (1v/sq in,) O. 0%  0.2% (1b/sq in.) in 2 in.) ()

80 116,750 76,000 90,500 62,500 26.0 47,2

116,500 76,000 0,500 €2,500 25.5 47.5
12900 72,750 60,000 40,000 15.5 29.9
77,250 €2,0C0 37,500 17.0 29.5

STRESS-RUPTURE DATA AT 1200° F

Time for Redvction

Stress rupture glongation of grea
(1b/sq in.) (br) (¥ in 1 in.) ()
70,000 1.42 9.0 10.8
5,000 5.20 7.0 20.7
54,000 44.0 12.0 22.3
4€,000 135.0 c.0 25.6
40,000 507.0 7.0 4.3

Vickers Hardness: As received - 257
After 507 hours at 1200° F - 258
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Alloy Low Carbon 17W - Hot Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/2q in.)
) .

1 72,000

10 62,000

100 49,700

1000 37,600

COMMENTS SUFPLIED BY THE MANUFACTURER

FORGEABILITY Somevwhat better than 17W.

MACEINABILITY Somewhat better than 17W.

*Low Carbon 17W - Annéaled, Low Carbon 17W - Fot worked, and Low

Carbon 17W - "Cold" worked are from the same heat and differ only
in processing.
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NACA
ATIOY Low Carbon 17W - "Cold" Worked* (A9476)
MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSTTTON  0.26% ¢, 0.72% 51, 0.72% ¥n, 12,56% Cr, 19.35% Ni,
0.62% Mo, 2.12% W.

TREATMENT Melted in an electric arc furnace; 12,000 pound
heat. Hammer forged. Rolled at 2090/1900° F
to 7/8-inch equarc bar, Heated 1 hour at 2100° F
and air cooled. Reheated to 1200° F and reduced
in area ZZle% by rolling. Streas relieved by
heating through at 1200° F and air cooled.

HARDNESS 291 Brinell

TENSILE PROPERTIES

Texper- Tensile Yield stress Proportional Reduction

ature strength (1b/sq 1in.) timit Elongation of area
(oF)  (1i/sq in.) 0.02%  0.2%  (1b/eq in.) (% inzin) _ ()
80 139,500 108,500 125,500 92,800 20.0 43,1
139,000 109,500 124,500 95,000 . 19.5 40,7
120C ~ 90,500 €2,500 50,000 10.0 18.8
87,750 80,000 40,000 3.0 23.2

STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of area

(1b/sq in.) (nr) (% in1 in) (%)

83,000 1.68 6.0 10.3
79,000 2.80 4.0 7.3
55,000 87.0 3.0 2.3
48,000  197.0 3.0 3.7
42,000  296.0 2.0 1.0
40,000  357.5 2.0 1.3

Vickers Hardness:; As recelved - 262
After 357.5 hours at 1200° F - 286
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Alloy Low Carbon 17W - "Cold" Worked continued

STRESS~RUPTURE PRCOPERTIES AT 1200° F
(Egtimated from plot of test data)

Time for Stress
rupture (1v/sq in.)
(hr) _
1 85,000
10 75,000
100 £5,900
1009 31,000

COMMENTS SUFPLIED BY THE MANUFACTURER

FEABILITY Scmewhat tetter than 17W,

MACHINABILITY Somewhat better than 17W.

*¥Low Carbon 17W - Annealed, Low Carbon 17W - Hot worked, and Lew
Carbon 17W - "Cold" worked are from the same heat and differ only
in processing,
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NACA

ALLOY 16-25-6 - Annealed (Timken Alloy)*

MANUFACTURFR Ingot obtained from The Timken Roller Bearing Co.,
Steel ani Tube Division, end fabricated by the
Universal-Cyclops Steel Corporation

COMPOSITION ~ 0.15% G, 0.84% 51, 1.14% 3in, 16,75% or, 25.26% M1,

.29% M0, 0.01% P, 0.022% S, 0.175% Na.

TREATMENT Melted in an electric arc furnace. Hammer forged
at 2085/1%00° F to 3/4-inck square ber, Heated
1 hour at 2100° F and air cooled,

HARDNESS 207 Brinell

TENSILE PROPERTIES
Temper- Tensile Yield stress Prcportional Reduction
ature strength (1b/sq Ln.L 11t ilcngation  of grea
(°F)  (1b/sq in.) 0.02%  0.2% (1b/sq in,) (P in 2 in.) ,
8" 121,375 48,500 §9,700 35,000 39,0 £l.1
118,375 45,200 56,300 35,000 40.0 51.3
1200 83,500 368,200 17,500 22.0 21.1
81,750 35,700 20,000 21.0 19.6
STRESS~-RUPTURE DATA AT 12000 F
Time for Reduction
Stress rupture Elongation  of ?rea
(1b/sq in.) (hr) (% inl in.) (%)
75,000 0.62 18,0 17.3
€7,C00 2.67 10.0 16.7
£0,000 89.0 13,0 11.4
44,000 199.0 17.0 28.2
35,000 990.0 11.0 21.5

Vickers Hardness:

As received - 214
After 990 hours at 12000 F - 271
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Alloy 16-25-6 ~ Annealed continued

STRESS-RUPTURE PROPERTIZS AT 1200° F
(Estimated frem plot of test data)

Time for Stress
rupture 1b/eq in,)
thr)
1 72,000
16 61,020
100 49, 0CO
1000 | 35,000

COMMENTS SUXTLIED BY TEE MANUFACTURER

(Supplied by The Timken Roller Bearing Co., Steel and Tube Division)

FORGEABILITY

MACHINABILITY

As this material possesses excellent high-tempcrature
strength, it will te founi to be very hard under the
hammer at the forging temperature, A maximm forg-
ing temperature of 2050° F is recommended, The
naterial ghcould not be soaked at temperatures above
2000° F, although scaking below this tempsrature is
permissible and is advisable if large sections hav
to be produced.

This material may readily be machined, Its
machinability is at least equal to that of the

ustenitic 18-8 gtesl,

*Alloys 16-25-6 -~ Annealed, 15-25-6 - Hot Worked, and 16-25-6 -
"Cold" Worked are “rom the same billet and differ cnly in processing.
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NACA
ALIOY 16-25-6 - How Worked (Timken Alloy)¥
MANUFACTURER Ingot obtained from the Timkon Roller Bearing Co.,
Stoecl and Tube Division, and fabricated by the
Universal-Cyclops Steel Corporation
COMPOSITION  0.15% C, 0.84% §1, 1,14% Mn, 16.75% Cr, 25.26% Ni,
6.295 Mo, 0.175% M.
TREATMENT Melted in an elsctric arc furnace., TForged and
rolled 20%5/16800 F to 7/68-inch square bar.
Heated 1 hour at 21000 ¥ and air ccoled. Re-
heated to 1700° F and reduced in area 25.17h
by rolling and air cooled, Stress relieved by
heating through at 1200° F and air cooled.
HARDNESS 279 Brinell
TENSILE PROPERTIES
Temper- Tensile ield stress Proportional Reduction
ature strength (Ib4sq in.) 1imit Elongaticn of area
_(%F)_ (ib/eq in.) 0.05h  0.2h  (1v/sq in.) (% in 2 in.) __ ()
80 137,500 4,500 111,500 82,800 19.5 38.4
138,000 95,000 111,000 80,000 18.5 30.8
1200 97,750 75,500 47,500 21.0 26,5
93,250 76,000 45,000 20.5 35,1
STRESS-TUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Blongation of grea

(1b/sq in.)  (hr) (% in 1 in.) %)

83,000 Q.70 22.0 39.4
75,000 4,73 13.0 26.7
60,000 38.5 27.0 40,9
50,000 95.0 28.0 43,7
48,000 1546.5 28.0 34,4

0 24,0

38,000 1257,5 18.

Vickers Hardness: As recelved - 295

After 1257.5 hours at 1200° F - 290
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- Hot Worked continued

STRESS-RUPTURE PROPERTIES AT 120¢° F
(Estinated from plot of test data)

Time for
rupture Stresg
() (1b/eq in.),
1 82,0C0
10 69,000
100 52,000
1000 39,000

COMMENTS SUPFLIED BY THE MANUFACTURER

(Supplied by The Timken Roller Bearing Co., Steel and Tube Division)

FORCEABILITY

MACHINABILITY

As this matsrial possessges excellent high-
temperature strength, 1t will be found to be
very hard unde: the harmer at the forging tem-
perature., A maximum forging temperature of
2050° F is recormended. The material should
not be soaked at temperatures above 2000° F,
although soaking below this temperature is per-
missible and is advisable if large sections
have to be produced.

This material may readily be machined. Its
machinability 1s at least equal to that of
austenitic 18-8 steel,

*Alloys 16-25-6 Annealed, 16-25-6 Hot Worked,and 16-25-6
"Cold" Worked are from the same ingot and differ only in

Processing.
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ACA
ATLOY 16-25-6 - Cold Worked (Timken Alloy)*

MANUFACTURER Ingot obtained from The Timken Roller Bearing Co.,
Steesl and Tube Division, and fabricated by the
Universal-Cyclops Steel Corporation

COMPOSITION 0.15% ¢, 0.84% Si, 1.14% Mn, 16.75F Cr,
25,26% 1i, 6.25% Mo, 0.175% No.

TREATMENT Melted in an electric arc furnace. Forged and
rolled 2055/1650° F to 7/8-inch square bar.
Feabted 1 hour at 2100° F and air cooled. Re-
heated to 1200° F and reduc:d in area 22.53%
by roliing. Air cooled. Stress relieved by
heating through at 1200° F and air cooled.

HARDNESS 226 Brinell

TESILE PROETRIIES

Temper-  Tensile Yield stress Proportional Reduction
ature gtrength (1b/sq in.L limit Elongation of aroa
(%) (1b/ss in.) 0.025 .23 (ib/eg in.) (bin2 dn.) _ (P

80. 162,250 121;000 143,500 102,500 15.5 33.8
161,750 117,000 143,500 92,500 16.0 34,1

1200 105,250 92,500 62,500 14.0 28.8
107,500 94,000 . 60,000 13.0 - 27.9

STRESS-RUPTURE DATA AT 1200° F

Tine for Reducticn

Strees rupture Elongation of area
(1b/sq in.)  (r)  (hin 1 in.) (%)
96,000 0.95 7.0 15.6
20,000 1.70 6.0 22.3
65,000 35.0 11.0 18.9
54,000 125.5 8.0 7.7
52,000 354.90 8.0 14.3
41,000 1207.0 4.0 1.0

Vickers Hardness: As received - 348
Afser 1207 hours at 1200°_F - 316
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Alloy 16-25-6 - Cold Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
_(Br) (n/s3 in.)
1 24,000
10 78,000
1C0 57,00
1000 42,000

COMMENTS SUPPLIFD BY THE MANUFACTURER
(Supplied by The Timken Roller Bearing Co., Steel and Tube Division)

FCRGEABILITY As this material possescss excellent high-
temperature sirength, it will be found to be
very hard under the hammer at the forging tem-
perature. A maximum forging temperature of
2050° F is recomsended. The material should
not be soaked at temperatures above 2000° F,
although soaking below this temporature is
permissible and is advisable if large sections
have to be produced.

MACHINABILITY This material may be readily machined. TIts
machinability is at least equal to that of the
austenitic 18.-8 steel.

*Alloys 16-25-6 Anncaled, 16-25-6 Hot Worked, and 16-25-6
"Cold" Worked are from the seme ingot and differ only in
processing.
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NACA
ATLOY Camma Columbium - Annealed* (A8736)
MANUTACTURER Universal-Cyclops Steel Corporation
(A g as 7 ﬂ %
COMPOSITION  0.40% C, 0.,46% 8i, 0.84/ Mn, 15.08p% Cr, 24.71° Ni,
4.39% o, 1.90% Cb, 0.036 N,
TREATMENT Melted in an electric arc furnace, 12,000 pound
heat. Hasmer cogged and rolled at 2050/1660° T
to 3/4-inch square bar, Heated 1 hour at 2150° F
and air cooled.
HARDNESS 189 Brinell
TENSILE PROPERTIES
Temver- Tensile Yie%d gtress  Proportional Reduction
ature strength (ibisq in,) linit Elongation  of area

(°F) _ (1b/eq_in.) 0.02/ _0.2%  (1b/sq in.) (%in 2 in.) (%)

80 107,750 32,500 46,000 22,500 37.0 38.5
108,000 31,200 45,000 22,500 37.0 45.6
1200 79,250 33,500 25,000 18.0 18.8
81,500 32,000 20,000 19.0 17.0

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of grea

(1b/sq in.) (ar)  ($in1 in.) __ (%)

64,000 1.30 7.0 12,7
60,000 2,77 8.0 17.2
45,000 56.0 10.0 12.1
40,000  236.0 6.0 9.7
36,000  1188.0 7.0 10.8

Vickers Herdness: As received = 201

After 1168 hours at 1200° F - 252




Garma Columbium - Annealed continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress’
(xx) (1v/sg in.)
1 66,000
10 54,000
100 44,000
1000 36,000

COMMEHTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY More consigtent than 17W

MACHINABILITY About the same as 17W

*Alloys Gamma Columbium - Annealed, Garma Columbiuvm - Hot
Rolled, Gamma Columbium - Hot Worked, and Gamma Columbium -
"Cold" Worked are from the same heat and differ only in

processing.,
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ATLOY Garze Columbium - Eot Rolled* (A8736)

MANUFACTURER UniversaW-Cyclops Steel Corporation

COMPOSITION . 0.40% ¢, 0.46% s1, 0.94% tm, 15.08% cr, 24.71% M, 4.39% Mo,
1.90% cb, 0.015% &, 0.018% P, 0.036% Ny

TREATMENT Melted in electric arc furnace, 12,000 pound heat. Ingots
hammer cogged. Rolled at 20~O/1860° F to a 3/4-inch square
bar. Strcss relieved by soaliing thru at 1200° F. Air cooled,

HARDNESS 198 Brinell

TENSILE PROPERTIES
Temper-  Tensile Yield stress DProportional Reduction
ature strength (lb/so in,) limit Elongation of area

(°m) (1n/sq in.) O, 0% 0.2% (1v/sq in.) (b in 2 in.) (%)

80 111,750 38,500 52,500 25,000 34,0 33.5
111,000 31,000 49,500 17,500 33.0 39.1

1200 79,500 36,500 22,500 16.0 20.6
81,625 36,125 20,000 20.0 20.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture longation of area

(1b/eq in.) (nr) (P in 1 in.) %)

72,000 0.63 13.0 15.6
65,000 0.90 10.0 13.7
60,000 1.82 6.0 13.2
45,000 68.0 4.0 3.6
40,000  154. 6.0 7.3
31,000 1155, 10.0 14.5

Vickers Hardness: As recelved - 214

After 1155 hours at 1200° F - 237
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Gamma, Columbium - Annealed continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
{hr) (1b/sq in.)
1 68,000
1 56,000
100 43,000
1000 31,400
COMMENTS SUTFLIED BY THE MANUFACTURER

FORGEABILITY Forging properties are more consistent than those of 17W.

MACHINABILITY About the same as 17W.

*Alloys G-Cb and G-Cb HW are from the same heat and differ only in
processing,
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NACA

ALLOY Garma Columbium - Hot Worked* (Rolled at 1700° F.)
(AE736)

MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSITION  .40% 2, .46% si, .04% Mn, 15.05% Ccr, 24.70% i,
4,39% Mo, 1.90% Cb, 0.036%Ns,.

" TREATMENT Meltel in an electric arc furnacs; 126000 pound
heat, Forged and rolled at 2050/1860° F to
7/8-inch square bar. Heated 1 hour at 2100° F
and air cooled. Roheated to 1700° F and re-
duced in arsa 22.%8% by rolling. Air cooled.
Stress rellieved by heating through at 1200° F
and alr cooled.

HARDNESS 239 Brinell

TENSILE PROPERTIES

Tenper- Tensile Yicld stress Proportiocnal Reduction
ature strengti  (1b/sq in.) limit Flongation of area

(°F)  (1b/sq in.) 6,028  0.25  (ib/sg in.) (P in 2 in.) _ (%)
g0 119,250 72,000 91,000 55,000 21.0 38.5
118,250 71,000 90,000 57,000 20.0 37.3

1200 84,000 69,500 40,000 20.0 38.5
81,500 70,000 37,500 21.0 41.2

STRESS-RUPTURE DATA AT 1200° F

_ Time for Reduction
Stregss rupvure  Elongation  of area
(1b/sq in.) (br) (% in 1 in.) %)

75,000 .23 26.0 41.8
64,000 2.52 15.0 41.8
50,000 42.0 16.0 39.8
48,000 83.0 16.0 31.3
44,000  271,0 15.0 38.9
39,000  617.0 14.0 23.4

Vickers Hardness: As received -~ 264
After 617 hours at 1200° F - 223
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Gemma Columbium - Hot Worked (Rolled at 1700° F.) continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupturs Stress
(hr) . (lb{sq in.)
1 68,000
10 58,000
100 48,000
1000 38,000
COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY More consistent than 17W

MACHINABILITY About the same as 17W

*¥Alloys Gamma Columbium - Annealed, Gamme Columbium - Hot
Rolled, Gamma Columbium - Hot Worked, and Gamma Columbium -
"Cold" Worked are from the same heat and differ only in
processing.,
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NACA

ALLOY

Gammna, Columbium - "Cold" Worked* (Rolled at 1200° F.)
(A87386)

MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSTTION  0.40% ¢, 0.46% s1, 0.64% Mn, 15.08% cr, 24.71% Wi,

4.39% Mo, 1.50% Cb, 0.036% Ny.

TREATMENT Melted in electric arc furnace, 12,G00 pound hsat. Rolled

at 2050/1860° F to 7/8-inch square bar; then rolled at
1200° F to 22.1% reduction in area, Stress relieved by
goalking thru at 1200° F. Air cooled,

HARDNESS 333 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Peduction
ature strength  (1b/sq in.) limit glongation of area
(°F)  (1b/sq in.) 0.02%  0.2% (1b/eq in.) (P in2 in.) (%)
80 160,250 115,000 146,000 75,000 12.0 28.3
161,500 121,000 148,000 75,000 14,5 30.0
1200 110,875 100,000 47,500 6.0 10,7
110,750  mmmeme= mmeees 7.0 11.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture ?}ongation of area
(1b/sq in,) (hr) (% in 1 in.) (%)

93,000 1.04 4.0 7.8
87,000 1.63 2.0 2.3
60,000 32.2 3.0 2.3
50,000  126.0 1.0 3.7
40,000 612, 2.0 2.8

Vickers Hardness: As received - 342
After 612 hours at 1200° F - 300
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Alloy Gamma Columbium - "Cold" Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(br) - (ib/sq in.)
1 95,000
10 70,000
100 51,000
1000 ' 37,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forging propertles are more consistent than those of 17W.

MACHTNABILITY About the same as 1L7W.

*Alloys G-Cb and G-Cb HW are from the same heat and differ only in
processing,
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ALLOY Non-Magnetic (B4018)
MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSTTION  0.73% ¢, 0.35% s1, 9.32% Mn, 3.96% Cr, 6.21% N1, 0.28% Mo,
0.5¢% W, 0.19% va

TREATMENT Melted in electric arc furnace, 24,000 pound heat. Ingots
nammer cogged, Rolled at 2045/1855° F to 7/8-inch square
bar. Rolled at 1200° F to 20.6% reduction in area. Stress
relieved by soaking thru at 1200° F. Air cooled.

HARDNESS 333 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
| ature strength  (1b/sq in.) limit Elongation of area
(°F)  (1b/sq in.) 0.02%  0.2%  (ib/sq in.) (% in 2 in.) (%)
80 168,000 111,250 131,500 85,000 14,5 14.7
171,500 122,500 135,000 87,500 20.0 23.0
1200 80,000 78,000 45,000 1.5 6.7
80,000 77,000 30,000 2.0 16.1
STRESS-RUPTURE DATA AT 1200° F¥
Time for Reduction
Stress rupture longation  of grea
(1v/sq in.) (hr) (P in 1 in.) o)
40,000 3.40 1.0 0.5
30,000 16.75 0.5 1.0
25,000 71.3 2.0 2.8
20,0C0 268, 2.0 10.3

Vickers Hardness: As received - 351
After 268 hours at 1200° F - 351
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Alloy Non-Magnetic continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

rupture Stress
(hr) (1b/sq in.)

1 48,000

10 33,5C0

100 23,200

1000 16,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forges better than 17V,

v MACHINABILITY More difficult to machine than 17W.

|

|

|
Time for

*Rupture test specimens were 0.300-inch diameter with l-inch gage length.
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NACA

ALLOY Hot Die Stesl (E447)(A8657)

MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSITION 0.2 % ¢, 0.66% s1, 0.41% Mn, 6,045 cr, 1. 04% N1,
6.14% 10, 2.16% W, 0.25% Va.
TREATMENT Melted in arc furnace; 12,000 pound heat
~ Hemmered and rolled to 3/4-inch rd. Heated to
21000 F for one hour and air cooled. Reheated
to 1200° F feor 72 hours and air cooled.
HARDNESS 287 Brineil
TENSILE PROPERTIES
Teuper- Tensile Yield stress Proportional Reduction
agure strength (lbésq in.) limit Elonﬂatlon %“ea
(°’)  (1b/eq in.) 0.02F 0. 2% (1/sq in.) (% in 2 in.)
80 139,000 86,300 96,000 70,000 14.0 29.1
136,750 €5,300 94,600 72,500 14.0 29.5
1200 47,400 37,500 10,000 36.0 77,4
47,500 37,800 10,000 36.0 78.3

STRESS-RUPTURE DATA AT 1200° F

Time for : Reduction
Stress rupture longation  of %rea
(1b/sq in.) (hr) (% in 1 in.) (%)

! 42,000 0.083 24.0 80.8
33,000 0,33 32,0 76.5
34,0C0 0.87 42.0 78.5

STRESS-RUPTURE PROPERTIES AT 1200° F

Sufficient data are not avallable to determine the rupture strengths
as reported for other alloys.
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Hot Die Steel (E447) continued

COMMENT'S SUPPLIED BY THE MANUFACTURER

FORGEABILITY Better than 17W

MACHINABILITY Better than 17W
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NACA

ALLOY R1038 - Anncaled* (R1568)
MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSITION  .097% C, C.80% 81, 0.77% Mn, 14.34% or, 6.79% Wi,
3.32% Mo

TREATMENT Melted in an induction furnace; 33 pound ingot.
Hammer cogged 2075/1730° F to 2 by 2 incles.
Hammer forged to 3/4-1nch square bar. Heated
1 hour at 1850° F and air cooled.

HARDNESS Brinell 214

TENSILE PROPERTIES

Temper- Tensile Yield stress DProportional Reduction
ature strength  (1b/sq in.) limit BEiongation  of ?rea
(°F)  (1b/sq in.) 0.02%  0.2% (ib/sq in.) (P in 2 in.) (%)

80 125,750 39,700 ‘48,500 25,000 50.0 53.8
126,600 41,000 50,200 27,500 54.0 58.7
1200 65,750 24,700 15,000 42.5 2.3
68,300 24,300 12,500 45.0 61.5
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (% in 1 in.) (%)
60,000 .43 34.0 56.9
54,000 2.45 35.0 41.8
45,0C0 46.5 24,0 32.4
42,0C0 101.0 19.0 32,4
35,000 402.0 24.0 32.9

Vickers Hardness: As received - 224
After 402 hours at 1200° F - 354
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Alloy R1038 - Annealed continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress’
(kr) (1v/sq in.)
1 57,000
10 52,000
100 42,000
1000 31,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY 3Better than 17W

MACHINABILITY Better than 17W

*Alloys R1038 and R1038 - Annealed are from the same heat
and differ only in processing.
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NACA
ALLOY R1038 - "Cold" Worked* (R1568)
MANUFACTURER Universal-Cyclops Steel Corporation
COMPOSITION  0.097% 5, 0.80% Si, 0.77% Mn, 14.34% Cr, 6.79% i,
3.32% Mo
TREATMENT Melted in an induction furnace; 33 poundi ingot.
Hanmer cogged to 2 by 2 inches at 2075/1730° F.
Hnt rolled 2070/1800 F to 7/8-inch square bar.
Heated 1 hour at 1850° F and air cooled. Re-
heated to 1200° F and reduced in area 23. Ozk
by rolling. Stress relieved by heating through
at 1200° F and air cooled.
HARDNESS 286 Brinell
TENSILE PRCPERTIES
Temper- Tensile Yield stress Proportional Reduction
ature strength  (1b/sq in, ) limit Elongation of area

(°F)  (1b/sq in.) 0,02% 0.2% (1b/sq in.) {Fin2in) (B

80 157,000 76,400 98,500 47,500 21.0 18.4
163,000 81,400 99,600 50,000 22.0 15.6
1200 80,250 69,400 27,500 18.0 38.5
80,000 68,750 22,500 18.0 41.6

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction

Stress rupture Elongation of area

(1b/sq in.) _(hr) (% in ) in.) (%)

72,000 4L 16.0 36.1
63,000 2.23 9.0 15.5
48,000 39.5 5.0 1.8
45,000 94,0 0.5 1.8
41,000 96.5 2.0 4.8
40,000  163.0 2.0 1.0
38,000  377.0 3.0 7.3

Vickers Hardness: As received -~ 302

After 377 hours at 1200° F - 359
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Alloy R1038 = "Cold" Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° P
(Estimated from plot of test data)

Time for
rupture Stress
(hr) (1b/sq_in.)
1 67,000
10 56,000
100 44,000
1000 34,000
COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Better than 17W

MACHINABILITY Better than 17W

*Alloys R1038 - "Cold" Worked and R1038 - Annealed are from
the same heat and differ only in processing.
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NACA
ALLOY 18-14 S-Mo (A7480)
MANUFACTURER Universal-Cyclops Stoel Corporation
COMPOSTTION  0.057% C, 0.665 1, 1,91% Mn, 18.12% cr, 13.54% N1,
2.856 Mo
TREATMENT Melted in electric arc furnace, 12,000 pound heat.
Ingots hammer cogged. Rolled at 2055/1830° F to 7/8-
inch square bar’, Arca reduced 23% by rclling at 12000 F,
Stress relieved by soaking thru at 1200° F.
HARDNESS 244 Brinell
TENSTLE PROPERTTIES
Temper-  Tensile Yield stress Propertional Reduction
ature strength (lb/sq in.) limit Elongation  of area
(°F) (1b/sq in.) 0.02% 0.2 (1b/sq in.) (% in 2 in.) (%)
80 112,500 84,000 98,000 67,500 30,0 86.0
113,375 86,500 100,000 72,500 33.0 65,7
1200 67,750 60,000 37,500 28.( 52.7
68,250 50,700 20,000 28.0 55.7

STRESS~-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture FElongation  of area

(1b/sq in.) (hr) (%P in1 in.) (%)

60,000 0.80 27.0 51.8
55,000 2.63 25.0 51.8
45,000 44.0 42.0 51,9
40,000 181, 14.0 44,7
36,000 270, 10,0 37.0
31,000 1026. 8.0 22.3

Vickers Hardness: As received -258

After 1026 hours at 1200° F - 237
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Alloy 18-14 S-Mo continued

STRESS-RUPTURE PROPERTIES AT 1200°
(Estimated from plot of test data)

Time for
rupture Stress
ghr) (1b/sq in.)
1 59,000
10 50,000
100 42,000
1000 31,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY TForges better than 17W.

MACHINABILITY Superior to 17W.
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NACA

ALLOY

19-9 W-Mo (B7030)

MANUFACTURFR Universal-Cyclops Steel Ccrporation

COMPOSTTION  0.12h ¢, 0.40h Si, 0.60% Mn, 19.12% Cr, 8.566 Ni,

0.3%h Mo, 1.495 w, 0.43b Co, 0,405 T1

TREATMENT Melted in electric arc furnace, 24,000 pound heat,

Ingots hemmer ccgged. Rolled at 2060/1825° F to 7/8-
inch square bar. Rolled at 1200° F to 23b reduction
in area, Stress relieved by soaking thru at 1200° F,
Alr cooled,

HARDNESS 275 Brinell
TENSTILE PROPERTIES
Temper- Tensile Yield stress Proportional Reduction
ature strength (1bésq in.} limit Flongation of grea

(°F) (1bv/sq in.) 0.02°¢ 0,2% (lb/sq in,) (% in 2 in.) (%)
80 124,250 83,000 104,500 . 67,500 26.0 £8.8
121,625 76,000 101,500 '505000 27.5 57.4
1200 70,500 63,000 37,500 20,0 60.6
71,125 67,500 40,000 20.0 60L.6

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1v/sq in.) (nr) (%inl in.) (D)

85,000 0.3% 14.0 63.3
60,000 2.52 18.0 64.0
55,000 84.0 20,0 53.6
52,000 125, 19.0 SL.7
49,000 190. 14.0 30.3
42,00" 661, 22.0 40.5

Vickers Hardness: Ag recceived - 290
After 661 hours at 1207° F - 296
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Alloy 19-9 W~Mo continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(hr) (1b/sq in.)
1 62,000
10 58,000
100 53,000
1000 40,000

CCMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forges better than 17W.

MACHINABILITY Superior to 17W,
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NACA

ATLOY

19-9W-Mo (R1802)

MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSITION 0.09% C, 0.62% Si, 0.52 Mn, 18.62% Cr, 9,056 Ni,

0.365 Mo, 1.21% W, 0,44% Cb, 0.38h T1, 0.06% N,

TREATMENT Melted in an induction furnace; 33 pound ingot.

Forged at 2055/1300° F to 7/8-inch square bar.
Heated 1 hour at 2100° F and air cooled. Re-
heated to 12000 ¥ and reduced in area 23.99p

by rolling. Stress relieved by heating through
at 1200° F and air cooled.

HARDNESS 234 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield Stress Proportional Reduction
ature strength (lb/sq 1n.) limit Elongation of 3rea

(°¢7) (1b/sq in.) 0.0 0.2%5 (1b/sq in.) (% in 2 in.) (%)
8" 117,570 70,000 85,000 57,500 33.0 55.0
109,500 76,200 87,000 52,500 34.0 52.8
1270 689,000 583,100 42,500 17.5 50.0
£9,701 63,110 45,000 158.0 o4.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture glongation of grea
(1b/sq in.) (hr) (® in 1 in.) (%)

59,000 0.35 11.0 56.9
56,000 8.15 12.0 53. 2
52,000 177.0 13.0 48.3
50,000 117.5 8.0 14.7
48,000 890.5 10.0 28.8
42,000 Discontinued* 2.0 4.9

*Not fractured after 2128 hours., The elongation and reduction of
area values are for the unbroken specimen after the test was
discontinued.

Vickers Hardness: As received -« 259
After 2128 hours at 1200° F - 262
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Alloy 19-SW-Mo (R1802) continued

STRESS-RUPTURE PROPERTIES AT 12000 F
(Estimated from plot of test data)

Time for
rupture Stress
(hr) (1b/sq in,)
1 58,000
10 54,500
100 52,000
1000 49,000

COMIENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Better than 17W.

MACHINABILITY Bettor than 17W.
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NACA

ALLOY

19-9W-Mo (R1956)

MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSIIION  0.11% ¢, 0.56% s1, 0.55% Mn, 18.87% Cr, 8.54% Ni,

TREATMENT

HARDNESS

Temper-
ature

0.36% Mo 1.27% w 0.45% Cb n.39% T1

Melted in an induction furnace; 33 pound ingot.
Harmer cogged at 2055/1300° ¥ to 7/3-inch square
bars. Heated to 2000° F for 1 hour and air
cooled, R“Leaued to 1200° F and reduced in
area 25, 95p by rolling., Otress relieved by
heating through at 1200° F and air cooled.

251 Brinell

TENSILE PROPERTIES

80

1200

Tensile  Yield stress Proportional Reduction
strength (lb/sq in.) limit Elongatlon of area
(°F) (1b/sq in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) (%)
114,400 61,000 88,500 36,000 33.5 £3,3
114,700 75,000 91,000 57,500 35.0 52,2
72,700 63,500 32,500 18.0 £3.8
73,000 65,000 30,000 16.5 47.8
73,125 64,000 35,000 17.5 47.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (% 4in 1 in.) (%)

85,000 0.38 9.0 57.7
60,700 5.93 12.0 42.8
55,000 71.0 11.0 37.9
517,000  199.0 10.0 23.4
42,000  973.0 6.0 10.2

Vickers Hardness: As received - 252
After 973 hours at 1200° F - 2¢1
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Alloy 19-9W-Mo (R1956) continued

STRESS-RUPTURE PROPFRTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupturse Stress
(o) (b/sq in.)
1 64,000
10 59,000
1006 54,500
1000 42,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Better than 17W.

MACHINABILITY Better than 17W.
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NACA

ALLOY

19-9W-Mo HC-2 (R1957)

MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSITION  0.21% C, 0. 56% s1, 0.46% Mn, 18,886 cr, 8.76b Ni,

046%Mo 1,29 w o=1%0b 0.355 T1

TREATMENT Melted in an induction furnace; 33 pound ingot.
Hammer cogged at 2055/1300° F to 7/8-inch square |
bars, Heated to 20000 F for 1 hour and air cgoled.
Reheated to 1200° F and reduced in area 24,507 by
rolling. Stress relieved by heating through at
1200° F and air cooled,
HARDNESS Brinell 302
TENSILE PROYTIRTIES
Temper- Tensile Yield stress Proportional Reduction
ature strength (1b/sq in. ) limit Elongation of area
(°F) (1b/sq in.) 0.02% 0.2% (1b/eq in.) (b in 2 in.) (B
80 137,850 95,500 112,500 17,500 31.0 54,4
137,500 94,000 112,500 75,000 36,5 52.8
1200 77,250 72,500 32,500 11.5 39.8
83,500 75,000 40,000 11.5 40,1
82,875 75,000 45,000 14.5 41.0
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of area

(1v/sq in.) (hr) (% in 1 in.) (%)

78,000 0.30 12.0 47.3
68,000 5,27 6.0 25.6
60,000  157.0 2.0 3.6
55,000  293.0 2.0 1.8
50,000  777.5 3.0 1.8

Vickers Hardness: As received - 299
After 777.5 hours at 1200° F - 298
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Alloy 19~9W-Mo HC-2 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(hr) (1b/eq in.)
1 73,000
10 67,000
100 61,000
1000 48,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Better than 17W,

MACHINABILITY Better than 17W,
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NACA

ATLOY

19~9W-MoM {R1803)

MANUFACTURFR Universal-Cyclops Steel Corporation

COMPOSITION  O.
1.

26% ¢, 0.57% si, 0.525 Mn, 18.95% Cr, 9,055 Ni,
22% Mo, 1.19% W, 0.29% Cb, 0.21% Ti

TREATMENT Melted in an induction furnace; 33 pound ingot.

Hammer forged at 2055/1300° F to 7/8-inch square
bars., Heated 1 hour at 2100° F and air cooled.
Reheated to 1200° F and reduced in area 21.35%
by rolling, Stress relieved by heating through
at 1200° F and air cooled.

HARDNESS 289 Brinell
TENSILE PROPERTIES
Temper~- Tensile Yield stress Proportional Reduction
ature strength (lbésq in.) limit Flongation of area

(%F) (1b/sq in.) 0.025 0.2%  (1b/sq in.) (% in2 in.) __ (H)
80 136,750 95,000 112,500 75,000 28.5 48.4
140,750 95,000 115,000 75,000 29.0 48,1
1200 91,000 81,000 52,500 16.0 38.8
87,750 77,500 52,500 15.5 39.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction

Stress rupture Elongation of area
(1b/sq in.) _ (hr) (% in 1 in.) (%)
78,000 1.30 10,0 28.3
73,000 3,13 8.0 25.0
62,000 202.90 3.0 7.3
55,000 383.0 2.0 6.1
50,000  1027.0 3.0 7.9

Vickers Hardness: As received - 319
After 1027 hours at 1200° F - 334
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Alloy 19-9W-MoM continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for :
rupture Stress
__(hr) (1b/sq_in.)
1 79,000
10 70,000
100 62,000
1000 50,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Better than L7W,

MACHINABILITY Better than 17W,
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NACA
ATLOY 19-9W-Mo4 {E688)
MANUFACTURER Universal-Cyclops Stzel Corporation

COMPOSITION  0.11% ¢, 0.58% 81, 0.57% Mn, 18.79% Cr, 8.27% N1,
4.11% Mo, 2.58% W, 1.19% Cb

TREATMENT Melted in an electric arc furnace; 2000 pound heat.
Forged and rolled at 2045/18550© F to 13/16-inch
square bars., Heated at 2000° F and air cooled.
"Aged" 72 hours at 1200° F and air cooled.

HARDNESS 284 Brinell

TENSILE PROPERTIES

Temper-  Tensile Yiecld stress Proportional Reduction
ature strength (1v/sq in.) limit Elongation of area
(°F)  (1b/sq in.) 0.02%  0.2%  (ib/sq in.) (% in 2 in.) (%)

80 138,500 40,700 78,100 22,500 12.0 13,4

139,750 43,750 81,000 25,000 11.0 13.4
1200 74,500 50,300 20,000 25.0 41.3
72,800 48,750 22,500 24.5 37.9

STRESS~-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) {(hr) (% in 1 in.) (%)

64,000 17 23.0 43,7
60,000 1,73 25.90 39.9
45,000 38.5 20.0 29,3
40,000 58.0 16.0 17.8
40,200 144.0 1€.0 24.1
35,700 270.0 11.0 19.1

Vickers Hardness: As received - 296
After 270 hours at 1200° F - 355
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Alloy 19-9W-Mo4 continued

" FORGEABILITY

STRESS-RUPTURE PROPERTIES AT 1200° F

(Estimated from plot of test data)

Tirs for
repture Tress
(hr) (3v/sq 4n.)
1 62,500
10 52,500
100 39,500
1C00 29,500

BY Tof MANUFACTURER

Better than 17V.

MACHINABILITY Better than 17W.

-
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NACA
ATLOY 19-SW-Mo4M
MANUFACTURER Universal-Cyclops Steel Corpcration

COMPOSITION  0.4c% ¢, 0.7¢% 81, 1.49% Mn, 18, 8sb cr, 9.05h Wi,
4.08% uo, 2.36% W, 1. 0% cb,

TREATMENT Melted in an induction furnsce; 33-pound ingot.
Forged 2055/130C° F to ./8-1nch square bar. Heated
1 hour at 2170° F and air cooled. Reheated to
1200° F and rednced in area 20% by rolling., Stress
relieved by heabing through at 1200° F and air cooled.

HARDNESS 321 Brinell

TENSILE PROFERTIES

Temper- Tensile Yicld stress Proporiional Reduction
ature gtrength (]D/%q 1n,L limit Flongation of area
(°%) (1b/sq in.) 0.02% 0.2%  ‘1b/sg in.) (% in 2 in.) (%)

80 150,500% 14.0 31.4
1200 94 ,000% 12.0 56.4

*Tensile tests on 0.160-inch diametcr bars.

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(b/eq in.) _(ar) (Pin 1 in) (D)
85,000 .15 15.0 35.0
75,000 2.56 9.0 16.1
60,000 59.5 15.0 22.8
55,000 47.5 15.0 29.8
48,000 313.0 13.0 18.9
L

Vickers Hardness: As received - 332
After 313 hours at 1200° F - 327
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Alloy 19-9W-Mo4M continued

STPESS-RUPTURT PROFERTIES AT 12C0° F
(Estimated from plot of test data)

Time for
runture Stress
() (v/zq in.)
1 78,000
~10 70,C00
100 54,000
1600 42,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Better than 17W.

MACHINABILITY Better than 17W,
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NACA

ATLLOY

4 (R1077)

MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSTITON  0.55% C, 0.82% Si, 0.6%5 Mn, 13.696 Cr, 19.46b i,

1.65% Mo, 1.07% Cb, 0.021% Ta

TREATMENT Melted in induction furnsce; 33-pound ingot, 33

by 35 inchea sguare, Harmered and rolled at
2090/1900° F to 7/8-inch sjvare bar. Rolled at
1200° F teo 21.45 reduction in area. Stress
relieved by soaking thru at 12000 F. Air cooled.

HARDNESS 300 Brinell
TENSILE PROPERTIES
Tenmper- Tensile Yield strzgs PFProportional Reduction
ature gtrength (1b/sg in.) limit Elongation of area
(°F) (1b/sa in.) 0,020  0.2% {iv/aq in.) (% in 2 in.) (%)
80 180,000 119,000 139,000 82,500 9.5 23.5
1270 100,875 87,500 30,000 8.0 16.7

STRESS~-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (B in1 in.) _ (B)

88,000 1,03 2.0 6.2
82,000 1.48 2.5 4.2
50,000 36.3 2.0 4.2
41,000 85.0 1.0 1.7
35,000  110. 2.0 2.4
37,000  337. 1.0 2.8

Vickers Hardness: As received - 301
After 337 hours at 1200° F - 283
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Alloy 4 (R1077) continved

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture tress
(hr) (3b/sq in.)
1 88,000
10 58,000
100 ' 38,000
1000 24,700

CCMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forges better than 17W.

MACHINABILITY Superior to 17W.
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NACA
ALLOY 9 (R1572)
MANUFACTURER Universal-Cyclops Steel Corporation

composITION ¢.21% ¢, 0.99% Si, 0.62% Mn, 13.04% Cr, 19.54% Ni,
10.50% Co, 6.17% Mo, 1.41% Ob.

TREATMENT Melted in an induction furnace, 33-pound ingot.,
Hemmer cogged 2070/17500 F to 2 by 2 inches. Hot
rolled 2070/1900° F to 7/8-inch square bar. Heated
1 hour at 2100° F and air cooled. Reheated to
12000 F and reduced in ares 23.45% by rolling.
Stress relieved by heating through at 1200° F and
air cooled.

HARDNESS 280 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
ature strength (lb/sq in.) limit longatlon of area
(°F) (1b/sq in.) 0.02%  0.26  (1b/sq in.) (P in 2 in.) (%)

210] 132,500 97,300 116,400 80,000 17.0 35.7

131,500 95,000 117,700 77,500 16.0 35.7
1200 92,750 81,500 32,500 14.0 28.8
90,500 81,000 32,500 12.0 26.1

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction

Stress rupture Elongation of area
(1b/sq in.) (hr) (B in1l in.) (%)
81,000 0.60 16.0 34.9
71,000 1.45 16,5 34.9
50,000 111.0 6.0 7.3
45,000 241.5 4,0 2.6
38,000 608.5 6.0 2.3

Vickers Hardness: As received - 258
After 608.5 hours at 1200° F - 280
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Alloy 9 continued

STRESS-RUFTURE PROTERTIES AT 1200° F
(Estimated from plot of test data)

Time for
runture Stress
(hr) (3b/sq in,)
1 76,000
10 65,C00
100 51,000
1000 35,000

COMMENTS SUFPPLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult than 17W.

MACHINABILITY Somewhat more difficult than 17W,
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NACA
ALLOY 9M (R1573)
MANUFACTURER Universal-Cyclops Steel Corporatilon

COMPOSTTION  0.2:% ¢, 1.03% £i, 0,666 Mn, 13,12% Cr, 19.11% Ni,
4.80% Mo, 1.23% Cb.

TREATMENT Melted in an induction furnace, 33-pound ingot.
Hammar cogged 2075/1750° F to 2 by 2 inches. Hot
rolled 2070/1<00, to 7/8-inch sguare bar, leated
1 hour at 2100° F and air cooled, Reheated to
1200° F and reduced in area 23.62% by rolling.
Stress relieved by heating through at 1200° F and
air cooled.

HARDNESS 291 Brinell

TENSTLE PROPIRTIES

Temper- Tensils Yield stress Froportional Reduction
ature strength (1b/sq in.) limit Tlongation of area
(°¥) (1b/eq in.) 0.0%6 0.2 (1b/sq in.) (% in 2 in.) @)

80 132,250 78,500 11£,000 50,000 19.5 40.4

132,000 ¢5,800 117,6C0 70,000 18.0 41,3
1200 90,250 81,000 22,5800 10.0 24,1
90,500 81,900 22,500 11.0 26.1

STRESS~-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1v/sq in.) (ar) @ in1 in.) (%)
78,000 A7 8.0 22.2
68,000 2.17 4.0 9.7
54,000 127.0 8.0 18.8
52,000 156.5 10.0 25.6
48,000 233.5 0 0
43,000 420.0 2.0 5.5

Vickers Hardness: As received 292
After 420 hours at 1200° F - 268
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Alloy SM continued

STPESS-RUPTURE PRCFERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture . Stress
(hr) (1» /sq_in.)
1 74,000
10 64,000
100 55,000
1000 36,000

COMMENTS SUPPLIED BY TEE MANUFACTURER

FORGEABILITY About the same as 17W.

v ~ MACHIUABILITY About the same as 17W.
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NACA
ALLOY 5 (R1074)
MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSTTION  0.52% C, 0.9% g1, 2. 12% Mn, 13. 86% cr, 19.335 N1,
10.90% Co, 3.23% Mo, 0.91% Cb, 1.48% Ta

TREATMENT Melted in industion furnace; 33-pound ingot, 32 by
33 inches. Hammered and rolled at 2060/1905° F to
7/3-inch square bar., Rolled at 1200° F to 20.5%
reduction in area. Stress relieved by soaking thru
at 1200° F, Air cooled.

HARDNESS 333 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
ature strength (1D,sq in. ) limit Tlongation of area
(°F) (1b/sq in.) 0.02% 0.2  (in/ag in.) (% in 2 in.) (%)

1210 92,500 70,000 20,700 8.0 16.7

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress runture Elonoatlon of area
(1b/sq in.) () ($inl in.) _ (%)

87,000 0.77 4.0 7.0
80,000 0.97 4.0 6.1
50,000 48.0 5.0 4.2
35,000 289, 4.0 3.7
30,000 758, 6.0 5.3

Vickers Hardness: ASs received - 323
After 758 hours at 1200° F - 283
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Alloy 5 (R1074) continued

STPESS~RUPTURE PROFERTIES AT 1200° 7
(Estimated from plot of test data)

Time for
runture

(hr)

1
10
100
1000

Stress

(lb/sg in,)

84,000
66,500
44,000
28,300

COMMENTS SUPPLIED BY TEE MANUFACTURER

FORGEABILITY Somewhat more difficult to forge than 17W.

MACHINABILITY Somewhat more difficult to machine than 17W.
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NACA

ALLOY

SM (R1565)

MAWUTACTURER Universal-Cyclops Steel Corporation

COMPOSITION  0.53% ¢, 0.67% 8%, €.55% tn, 13.24% Cr

, N )
19.46% i, 11.14% Co, 2.755 Mo, 2.33% Cb.

TREATMENT Melted in an induction furnace; 33-pound ingot.

HARDIESS

Temper-~
ature

(°F)

Hemmer cogged 2075/1720° F to 2 by 2 inches. Hot
roiled 2070/19000 F to 7/8—inch square bars,
Heateda 1 hour at 2100° F and air cooled. Reheated
to 1200° F ool reduced in area ZO% by rolling.
Stress relieved by heating throuzh at 1200° F and
air cooled.

298 Brinell
TENSILE PROPEDTTES
Tensile Yield stress Troportional Reduction
gtrength (lb[sq in.) limit glongation of area
(1b/sq in.) 0.02% 0.2% (1bv/sq in,) (% in 2 in.) (%)

80

1200

151,500% 9.0 31.4
99,500% 10.0 25.0

*Tengile tests on 0.160-inch diameter bars,

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1v/sq 1n.) (hr) (% in 1 in,) (D)

88,000 .15 13.0 36,9
76,000 2.08 6.0 13.8
58,000 23.5 10.0 18.9
50,000 GE.5 7.0 6.7
45,000 74.0 12.0 8.4
42,000  174.5 6.0 6.2

Vickers Hardness: As received - 336
After 174.5 hovrs at 1200° F - 281
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Alloy 5M continued

FORGEABILITY

MACHINABILITY

STRUSS-RUPTURE PRCPERTIES AT 1200° F
(Estimated iwom plot of test data)

Time for
rupoure Stress
o) (b/s3 in)
1 78,5C0
10 86,000
100 45,000
1000 31,520

COMMITNTS SUPPLIZD BY THE MANUFACTURER

Somewhat more difficult than 17W.

Somewhat more difficult than 17W.
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NACA
ALLOY sMM (R1567)
MANUFACTURER Universal-Cyclops Steel Corporation

coposTrIoy  0.11% ¢, 0.45% 81, 1.51% ¥n, 13.32% Cr, 19.48% Ni,
10.72% Co, 2.77% Mo, 1.25% Cb.

TREATMENT Mclted in an induction furnace; 33-pound ingot.
Hammer coggced 2075/1730° I to 2 by 2 inches. Hot
rolled 2070/1900° F to 7/3- by 7/8-inch square
ber. Heated 1 hour at 21002 F and air cooled,
Reheated to 1200° F and reduced in area 23.72% by
rolling. Stress relieved by heating through at
1200° F ané air cooled.

HARDNESS 247 Brinell

TENSILE PROPIRTIES

Temper- Tensile Yield stress Preportional Reduction
ature gtrength ° (lb/sq in.) limit Elongation of area
(°F) (1b/sq in.) 0.02%  0.2% (iv/eq in.) ($in 2 in.) __ (%)

80 117,250 86,000 103,100 67,500 24.0 57.8

118,750 87,400 103,750 70,000 25.0 58.0
1200 86,750 80,000 45,000 18.0 50.3
86,250 82,100 47,500 18.0 54.4

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1b/sa in.) (hr)  ($in 1 in.) (%)

81,000 0.20 10.0 46.9
72,000 4,42 4.0 14.3
50,000 67.0 2.0 8.5
45,000  100.0 2.0 1.3
38,000  234.5 2.0 0.5

Vickers Hardness: As received - 235
After 234.5 hours at 1200° F - 272
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Alloy SMM continued

147

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture
(hr)

1

10
100
1000

Stress

(2b/59 in.)

76,000
70,000
45,000
28,000

COMMENTS SUPTLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult than 17W.

MACHINABILITY Somewhat more difficult-than 17w.
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NACA
ATLOY 1 (K1033)
MANUFACTURER Universal-Cyclops Steel Corporation
COMPOSITION 0. 14% c, 1. L?/ e1, 1.59b 5, 18.85% Cr, 15. 36h Ni,
12.95% Go., 2,265 Mo, 1067 b, 0.048% Ta
TREATMENT Melted in induction furnace; 33-pound ingot, 3
inches squerc, Hamuered aal roiled ab 2065/1900O F
to 7/8-inch sguars bar., Then reduced 1n area 25,
by roliing at 1200° ¥, GCtress relieved by soaking
thru at 1200° F. Air cooled.
HARDNESS Brinell 266
TENSILE PRCPERTIES
Temper-  Tensile Yield stress Proportional N Reduction
ature gtrenzth (1b/sg in,) limit Elongation of area

(°F) (1b/sq in.) 0.02k 0.2%

’1b 'sq in,) (ﬁ in 2 in,) %)

a¢ 127,875 95,500 114,250 65,000 25.0 52.7
123,800 ©5,000 116, OOO 65,000 25.0 53.0
1200 93,500 8¢,000 35,000 21.0 45.5

Stress rupture
(1b/sq in.)  fLar}

STRESS-RUPTURE DATA AT 1200° F

Reduction
E¢ongatlon of area

Time for

(% in 1 in,) (%)

76,000 1.48 16,0 48.7
71,600 3.48 14.0 20,0
50,000 75.0 6.0 6.2
45,000 115, 2.0 3,0
40,000 175, 4.0 16.7
35,000 333, 4.0 6.9

Vickers Hardness: As received - 229

After 333 hours at 1200° F - 165
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Alloy 1 (R1033) continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(hr) (1b/sq in.)
1 78,000
10 . 66,000
100 46,000
1000 27,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult to forge than 17W,.

MACHINABILITY Somewhat more difficult to machine than 17W.
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N:’\. C.L"\
ATIOY 1M (R1564)
MAWUFACTCRER Univercal-Cyclops Steel Corporation

COMPOSITION  0.22% G, 0. 5% 51, O s2% Ma, 18.20% Cr, 15.15% Wi,
| © 10.58% Co, 2.91% Mo, 1.25% Cb.

TREATMENT Melted in an induction furnsce; 33-pound ingot.
Harmer cogzad 2075/1700° F teo 2 by 2 inches. Hot
rolled 2070/120C° ¥ to 7/8-inch square bar. Heated
1 hour at 2100° F and air cooled. Rcheated to
1200° F and reduced in ares 22.36% by roiling.
Stress relieved by heating through at 1200° F and
alr cocled.

HARDNESS 295 Brinell

TENSILE PROPTRTIES

Temper- Tensile Yield stresgs Proportional Reductlon
ature strength (1b/sq in.) limit FElongation of arsa
(°F) (1b/sq in.) o0.02% n.2%  (1d/sq in.) (b in 2 in.) (%)

80 140,800 106,00C 125,000 85,000 23.5 41.9

139,500 102,300 122,500 82,500 23.0 44.9
1200 95,500 82,600 22,500 17.5 39.8
92,750 81,700 20,000 17.0 40,7

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction

Stress rupture Elongation  of %r
1b/sq in,) {hr) (% in 1 in,) (7
85,000 .17 26.0 52.7
72,000 1.10 16.0 44,7
58,000 91,0 8.0 16.7
55,000 156.0 6.0 10.9
50,000 204.0 4,0 4.8
45,000 486.0 4.0 1.8

32,000 Discontinued at 1021 hours.

Vickers Hardness: As received - 267
After 486 hours at 1200° F - 284
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Alloy 1M continued

STRESS~RUPTURE PROPERTIES AT 12000 F
(¥stimated from plot of test data)

Time for Stress
rupture (1v/sq in.)
(hr) _
1 74,500
10 65,000
100 57,000
1000 40,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult than 17W.

MACHINABILITY Somewhat more difficult than 17W.
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NACA
ALLOY 8 (R1570)
MANUFACTURER Universal-Cyclops Steel Corporation
COMPOSTTION  0.24% ¢, 1.30% 51, 0.62% Mn, 17.79% Cr, 14.82% Nt,
10.40% Co, 5.95% Mo, 1.35% Cb.
TREATMENT Melted in an induction furnace, 33-pound ingot.
Harm .r cogged 2075/1730° F to 2 by 2 inches. Hot
rolled 2070/1900° F to 7/8-inch square bar.
Heated 1 hour at 2100° F and air cooled. Re-
heated to 1200° F and reduced in area 22,30
by rolling. Stress relieved by heating through
at 1200° F and air cooled.
HARDNESS 302 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Reduction
ature strength (1b/sq 1in.) 1limit Elongation of area
(°r) (1lb/eq in.) 0.026 0.2 (1b/sq in,) (% in 2 in.) (%)
8n 141,500 99,800 126,800 70,000 17.0 28.8
140,500 103,000 127,200 72,500 15.0 33.4
1200 97,250 85,200 40,000 14.0 34.1
97,000 81,500 35,000 13.5 33,7
STRESS-RUPTURE DATA AT 12C0° F
Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (br) (% 4in1 in,) (%)
84,000 .72 14.0 36.4
72,000 2.18 13.0 17,7
52,000 89.5 5.0 3.7
48,000  223.0 4.0 3.7
44,000 338,5 4.0 4.2
38,000  608.5 4.0 1.2

- 314
hours at 1200° F - 320

Ap recelved
After 608.5

Vickers Hardness:
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Alloy 8 continued

STRTEIS-RUPTURE FRCPIRTIES AT 1200° F
(Estimated from plot of test data)

Time for Gtregs
rupture (1b/8q in.)
_ar) | S
1 8(:,000
10 6% 000
100 €500
1000 34,000

COMMENTS SUPPLIED BY THE MANUIFACTURER

FORGRABILITY Somswhst more diffizult than 17W.

MACHINAETLITY Somewhat more &ifficult than 17W.




154

NACA
ALIOY 8M (R1571)
MANUFACTURMR Universal-Cyclops Steel Corporation
COLPOSITICN  0.23% ¢, 1.36% g1, 0.65% Mn, 17.79% Cr, 15.31% N1,
"C(’ Cal 9,
5.97% Mo, 1.26% Cb,
TREATMENT Melted in en indvction fuwrnace, 33-pound ingot.
Hamr~> copged 2080/1730° T to 2 by 2 inches, Hot
rolled 2070/1900° ¥ to 7/¢-inch square bar,
Heated 1 hour at 2100° F aad air cooled. Re-
heated to 1200° F and reduced in area 22,42
by rolling. Stress relieved by heating through
at 1200° F and air cooled.
HARDNESS 306 Brinell
TENSILE PROPERTIES
Temver- Tensile Yield stress Prorortional Reduction
ature gtrength (lb[sq in,) limit Elongation of area
(OEl_ (1b/sq in.,) 0.02% 0.2% (1v/sq in.) (% in 2 in,) (%)
80 178,300 90,600 123,200 55,000 13.5 31,1
140,000 101,000 128,000 62,500 16.0 31.4
1200 98,250 81,800 25,000 12,0 31.5
98,000 84,700 25,000 13,5 33,7
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of 2rea
(1b/sq 3n.) (ar) (% in 1 in.) (%)
84,000 0.45 15.0 41,3
75,000 1.47 10,0 22.3
50,000 158.0 5.0 9.7
45,000  219.5 6.0 4.9
38,000 468,0 3.0 1.8

Vickers Hardness:

As received - 298
After 468 hours at 1200° F - 331
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Alloy 8M continued

STRESS~-RUPTURE PROPERTIES AT 1200° F
(Estimated froem plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 78,000
10 64,000
100 - 52,000
1000 31,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Socmewhat more difficult than 17W.

MACHINABILITY Scmewhat more difficult than 17W.
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NACA
ATLOY 2 (R1034)
MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSITION 0.22% ¢, 1.35% 81, 1.85% Mn, 18.77% Cr, 15.0% X1,
19.46% Cc, 2.23% Mo, 1.13% Cb, 0.92% Ta, 0.052% Na.

TREATMENT Melted in induction furrece, 33-pound ingot, 23 by
3] inches. Eammered and volied at 2070/1895° F to
7/8-1inch square bar. Then reduced 22% in area by
rolling at 120C° F. Stress relieved by soaking thru
at 1200° F. Air cooled.

HARDNESS 297 Brinell

TENSIUE PROPIRTIES

Tempzsr- Tensile Yield stress Troprriional Reduction
ature gtrength (lb/aq in,) limit Elongation of area
(°F) (1b/sa in.) 0.02% 0.77  (ib/sg in.) (% in 2 in.) _ (%)

80 145,000 112,000 128,000 82,500 21.0 39.1
148,875 108,000 131,500 80,000 21.0 36,8

1200 91,625 15.0 28.5
91,850 82,000 15,000 18.0 35.0

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture @longation of area
(1b/sq in,) (hr) (% in 1 in.) (%)

82,000 0.49 17.0 30.8
72,000 1.25 14.0 26.1
55,000 93.5 24,0 42.7
50,000  177. 30.0 50.2
45,000 459, 18.0 49.2

Vickers Hardness: As received - 290
After 459 hours at 1200° F - 316




Alloy 2 (R1034) continued

STRESS-RUFTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 77,000
10 65,000
100 54 ,GC0
10C0 41,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult to forge than 17W,

MACHINADILITY Somewhat mere di7ficult to machine than 17W.

-
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NACA

ATLOY

2M (R2002)

MANUFACTURER Universal-Cyclops Steel Corporation

COMPOSITION  O. 2%% c, 1.17% st, 1. 80% Mn, 18. g8% cr, 14.55% Wi,

20. SIk Co 2. 21p Mo, 2. ZOﬁ Cb

TREATMENT Melted in an induction furnace, 33-pound ingot.
Hammer cogged at 2055/1300° F to 7/8-inch square
bar. Heated to 2000° F for 1 hour and air cooled
Reheated to 12000 F and reduced in area 27.23%
by rolling., Stress relieved by heating through
at 1200° F and air cooled.
HARDNESS 277 Brinell
TENSILE PROPERTIES
Temper-  Tensile Yield stress Proportional Reduction
ature gtrength (1b/sq in, ) limit Elongatlon of area
(°F) (1b/sq in.) O. 0% 0.2% (1b/sq in.) (% in 2 1n.) (D)
80 142,850 97,500 121,C00 72,500 23.0 49.8
145,350 102,000 124,000 72,500 22.0 43.4
1200 102,000 8950&0 50,000 14,0 40.7
103,000 86,500 45,000 13.0 39,1

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
tress rupture Elongation of area
(1b/sq in.) (br) (% in 1 in.) (%)

92,000 0.15 12.0 45.6
78,000 2,10 13.0 25.4
55,000 83.0 5.0 6.2
50,000  329.0 1.0 1.2
45,000  828.0 2.0 2.5

Vickers Hardness: As received - 297
After 828 hours at 1200° F - 315
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Alloy 2M continued

STRESS~RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 81,000
10 72,000
100 56,000
1000 44,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult than 17W.

MACHINABILITY Somewhat more difficult then 17W.
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NACA
ATLOY MM
MANUFACTURER Universal-Cyclops Steel Corporation
COMPOSITION 0.23% C, 0.47% si, 1.76% Mn, 18. 96% Cr, 14.74% Ni,
zo 42% Co, 2.09% Mo, 2.11% Cb.
TREATMENT Melted in an induction furnace; 33-pound ingot.
Hammer cogged at 2055/1300° F to 7/8-inch square
bar. Heated to 2000° F for 1 hour and air cocled.
Reheated to 1200° F and reduced in area 25.61%
by rolling. Stress relieved by heating through
at 1200° F and air cooled.
HARDNESS 298 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Prcportional Reduction
ature strength (lb/sq in.) limit Elongation of area N
(°F) (1b/sq in.) 0.02% 0.2% (ib/sq in.) (% in 2 in.) (%)
80 143,170 99,500 124,500 80,000 23.5 49.5 ’
144,700 99,500 125,000 77,500 23.5 48.7
1270 104,750 89,500 35,000 12.5 40,7
99,250 89,500 35,000 14.0 35.0
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (% in1 in.) _ (%)
90,000 0.20 10,0 43.8
80,000 1.35 10,0 28.2
60,000 38.5 2.0 1.8
55,000 251.0 3.0 3.8
50,000 556.5 2.0 1.3

As received - 321
After 556.5 hours at 1200° F - 323

Vickers Hardness:
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Alloy 2MM continued

STRESS-RUPTURE PROPERTIES AT 12000 F
(Estimated from plot of test data)

Time for Stress
rupbure (1v/sq in.)
(hr)
1 81,000
10 £8,000
100 57,000
1G00 48,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult than 17W.

MACHINABILITY Scmewhat more difficult than 17W.
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ACA
ALLOY 6 (R1075)

MANUFACTURER Universal-Cyclops Steel Corpcration

COMPOSITION  0.26% C, 1.44% 51, 2. 14% Mn, 17.83% Cr, 24.73% Ni,
19.63% Co, 3.66% Mo, 1.51% Cb, 1.05% Ta, 0.071% Na.
TREATMENT Melted in induction furnace; 33 pound heat, 32 by

33 inches square, Hammered and rolled at 2090/1900° F
to 7/8-inch square bar. Rolled at 1200° F to 22.6%
raduction in area. Stress relieved by soaking thru

at 1270° F, Air cooled,
HARDNESS 286-307 Brinell
TENSTLE PROPERTIES
Temper-  Tensile Yield stress Proportional Reduction
ature etrength (lb/sq in.) limit Elongation of area
(°F) (1b/sg in.) 0. 02%  o0.2% (1b/sq in.) (% in 2 in.) (%)
80 147,750 110,500 139,500 57,500 15.0 29.6
147,875 115,000 134,800 87,500 13.0 30.1
1200 96,25C 81,259 25,0200 20.0 29.5
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (% in1 in,) (%)
85,000 0.30 20,0 39.3
72,000 2.27 26.0 31.9
50,000 90.2 16,0 27.7
45,200 335, 15,0 19.0
40,200 1109. 12.0 23.9

Vickers Hardness:

A8 received ~ 297
After 1109 hours at 1200° F - 309
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Alloy 6 (R1075) continued

STRESS~RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1v/sq in.)
(br)
1 76,000
10 : 62,000
100 54,000
1000 40,200

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult to forge than 17W,

MACHINABILITY Somewhat more difficult tc machine than 17W.
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NACA

ATLOY 6M (R2000)

MANUFACTURER Universal-Cyclops Steel Corporation

composTrIoN  0.31% ¢, 1.44% gi, 2.25% Mn, 17.86% Cr, 24.45% N1,
20.75% Co, 3.16% Mo, 2.44% Cb.

TREATMENT Melted in an induction furnace, 33-pound ingot.
Hammer cogged at 2055/1300° ¥ to 7/8-inch square
bar., Heated to 2000° F for 1 hour and air cooled.
Reheated to 1200° F and reduced in area 26.09% by
rolling, BStress relieved by heating through at
12000 F and air ccoled,

HARDNESS 317 Brinell

TENSILE PROPIRTIES
Temper- Tensgile Yield strcss Proportional Reduction
ature strength (1b/sq in.) 1limit Elongation of arsa

(°F) (ib/ag in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) (%)

80 157,700 113,500 143,000 82,500 12.0 31.8
158,700 112,070 140,700 82,500 12.5 28.3
1200 103,750 83,000 35,000 11.0 23.4
108,910 93,070 50,000 10.5 20.6

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area

(1b/sq in.) _ (hr) (% in 1 in.) (%)

90,000 0.23 7.0 10.8
78,000 1.13 5.0 14,4
56,000 94.5 4,0 7.3
50,000 226.5 4.0 3.7
45,000 859.0 1.0 1.2

Vickers Hardnese: As received - 316

After 859 hours at 1200° F - 309




Alloy €M ccontinued

STRESS-RUPTURE PROPERTIES AT 1200° ¥
(Estimeted from plot of test data)

Time for Stress
rupture (1b/sq in,)
(hr)
1 81,000
10 71,000
100 56,000
1000 44,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Somewhat more difficult than 17W.

MACHINABILITY Somewhat more difficult than 17W.
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NACA
ALLOY 6MM (R2001)
MANUFACTURER Universal-Cyclops Steel Corporation
COMPOSTIION 0.31% C, 0.63% S1, 1.75% Mn, 17.78% cr, 24.42% Wi,
20.49% Co, 3,25% Mo, 2.66% Cb.
TREATMENT Melted in an induction furnace, 33-pound ingot.
Hammer cogged at 2055/1300° ¥ to 7/8-inch square
bar, Heated to 2002° F for 1 hour and air cogled.
Reheated to 1200° F and reduced in area 24,82% by
rolling. Stress relieved by heating through at
1200° F and air cooled.
HARDNESS 321 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Propcrtional Reducticn
ature strength (lb/gq in.) limiv Elorngation of ?rea
(°F) (1b/sq in.) 0,025 92.2% (1b/sq in.) (% in 2 in.) (%)
80 156,500 106,000 113,500 72,500 17.0 38,2
157,500 117,000 140,000 85,000 13.0 31.2
1200 112,000 97,500 37,500 12.0 29.2
102,750 92,000 30,000 13.C 32.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of Area

(1b/sq 1n.) (hr) (%in 1 in.) (%)

5,000 0.30 9.0 31,0
90,000 1,56 8.0 25.5
66,000 73.0 7.0 9.7
30,000  343,0 6.0 6.2
56,000  456,0 5.0 8.6
50,000 1552,0 4.0 7.2

Vickers Hardness: As received - 298

After 1552 hours at 1200° F - 316
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Alloy 6MM continued

STRESS-RUPTURE FFOPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
{hr)
1l 91,000
10 : €4,000
100 64,000
1000 £2,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEARILITY Somewhat more difficult than 17W.
1)

MACHINABILITY Somewhat more difficult than 17W.

167




168

NACA
ATLOY H350
A\NUFACTURER "Inion Carbide and Carbon Research Laboratories, Inc.
coMpOSTIION  0.3:% ¢, o.6c% 81, 1.5% Mn, 15.0% cr, 16.0% Ni,
16.0% Co, 3. % Mo '

TREATMENT Mslted in an induction furnace: 30 to 35 pound heat,
Ingot was forged to & li-inch round bar and then rolled
to a 3/4-inch round bar, Initial forping temperature-
2700 to 21009 ¥, final rclling temperature - 1350 to
14259 F, No sznbseguent heat treatment,

HARDNESS 285 295 Brinell

TENSILE PROPERTIES
Temper- Tensile Yield aztress Proportional Reduction
ature strength (lbésq in.l linit Elongation of area

(°F)  (1b/sq in.) 0.020  0.2% (1b/sq in.) (% in 2 in.) (%)
80 130,000 83,00C 105,250 62,500 21.0 39.1
151,500 105,000 125,C00 85,000 23.0 36.0

137,250 90,000 112,000 £7,500 18.0 44.3

1200 94,750 75,000 35,000 20.0 32.0
91,125 71,250 35,000 18.0 34,4

STRESS~-RUPTURE DATA AT 1200° F

Time for Reduction

Stress rupture longation of area

(1b/sq in.) (hr) (% in 1 in.) (%)

85,100 0.01 22.0 41.5
70,000 0.67 22,0 41.3
60,000 3.05 29.0 36.0
48,000 75.5 26.0 25.7
40,700 202, 12.0 17.2
37,000 822, 30.0 34.0

Vickers Hardness: As received - 328

After 822 hours at 1200° F - 238
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Alloy H350 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 63,000
10 56,000
100 46,000
1000 28,700

COMMENTS SUPPLIED BY THEE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty.

MACHINABILITY Metal turned and threaded without difficulty,
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NACA
ATLOY 1073 - Annealed* (Union Carbide and Carbon Research
Laboratories, Inc., Alloy H350)

MANUFACTURER Allegheny Ludlum Steel Corporation
COMPOSTTTON  0.32% C, 1.48% Mn, 15.21% cr, 16.0% N1, 15,93% Co,

2.94% Mo, 0.017% P, 0.021% S, 0.052% N, .
TREATMENT Melted in an electric arc furnace and cast into a

9-inch ingot, forged at 2175° F, Required about

10 reheatings to bring ingot down to 3/4 inch

square, Heated 1 hour at 2200° F and air cooled.
HARDNESS 207-199 Brinell

TENSITE FROPERTIES

Temper- Tensile Yield stress Prcportional Reduction
ature strength (1b/sq in.) limit Elongation of area

(°F) (1b/sq in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) (%)

80 104,000 34,000 50,000 20,000 42.5 47.5
115,750 40,500 51,000 25,000 0.5 41,9

1200 82,500 32,500 25,000 19.5 21.6
76,000 32,500 25,000 13.5 16.0

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area

(1b/sq in.) (nr) (% in 1 in.) (%)

67,200 1.17 10.0 7.8
80,000 2.10 4,0 12.1
52,000 72.0 6.0 12.1
45,000  149.0 5.0 3.1
38,000 3310 4.0 6.1

Vickers Hardness: Ag received - 211

After 331 hours at 1200° F -251
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Alloy 1073 - Annealed continued

STRESS~RUPTURE PROPERTIES AT 12000 F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(br)
1 | £8,000
10 58,000
100 49,000
1000 30,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty.

MACHINABILITY Metal turned and threaded without difficulty.

*Alloys 1073 -~ Annealed and 1073 - "Cold" Worked are from the same
heat and differ only in the processing following hot work.
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NACA

ATLOY

MANUFACTURER

COMPOSITICN

TREATMENT

HARDNESS

Temper-
ature

(°F)

Tensile
gtrensth
(1x/s¢ n.)

1073 - "Cold" Worked* (Union Carbide and Carbon
Research Laboratories, Inc. Alloy H350)

Allegheny Ludlum Steel Corporation

0.32% ¢, 1.4¢% Mn, 15, 21m cr, 16,0% Ni, 15.93% Co,
2,045 1o, .0i7% P, .021% S, .0525 N,

Melted in an electric arc furnace and cast into

a 9-inch ingot, forged at 2175° F. Required about
10 reheatings to bring ingot down to o/ﬂ inch
square Fa*. Terged at 1200°-1400° F for the

lagt 5-10% reduction. Druaim back 6 hours at

1200° F,

251-300 Brinell

TENSTLE FROPERTIES
Reduction
of area

(%)

Yield astross
(lb,’fsq in. )

Proportional
limit
(0v/cq in.)

Elongatlon
(% in 2 in. L)

80 128,070
145,

1200

81,250
74,250

Stress
(1b/sq 1in.)

75,500 98,000 52,500 15.0 36.0
250 87,500 115,500 33.1

69,500 .5 41.2
1.0 49.8

STRESS-RUPTURE DATA AT 1200° F

Reduction
Elongation of area
(% in 1 in.) (%)

Time for
rupture
(hr)

Vickers Hardness:

66,000
60,000
45,000
40,000
35,000

1.00

1.87
£9.0
281.0
554.0

28.0
22.0
22.0

6.0
20.0

51.8
44.7
34.0
14.3
38.0

As received - 259
After 554 hours at 1200° F - 254
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Alloy 1773 - "Cold" Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1v/sq 1in.)
(hr)
1 66,000
10 53,500
100 - 43,000
1000 35,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty,

MACHINABILITY Metal turned and threaded without difficulty,

*¥Alloys 1073 - Annealed and 1073 - "Cold" Worked are from the same
heat and differ only in the processing following hot work,
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NACA

ALLOY

H351

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.

COMPOSTITON  0.35% ¢, 0.60% s1, 1.5% Mn, 15.0% cr, 16.0% Ni,

TREATMENT

HARDNESS

Temper-
ature

25.0% Co, 3.0% Mo

Mslted in an induction furnace; 30 to 35 pound heat,
Ingot was forged to a 13- inch round bar and then
rolled to & 3/4-inch round bar, Initial forging tem-
perature - 2700 to 2100° F, final rolling temperature -
1350 to 1425° F. No subsequent heat treatment.

250 Brinell

TENSILE PROPERTTIES

80

1200

Tenaile Yisld stress Pronortional Reduction
strength (1b/sq in.) 1imit Elongation of area
(°F) (1b/sq in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) _ (%)
124,750 62,500 83,700 47,000 32.0 41.9
132,000 74,500 95,000 50,000 29.5 39.1
129,500 75,200 ¢1,500 50,000 24.0 45,2
90,750 65,000 45,000 25.5 31.8
90,850 59,500 37,500 27.5 32.5
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (% in 1 in,) (%)
82,000 0.63 23.0 36.0
76,000 1.70 16,0 25.5
55,000 19.8 28.0 36.0
40,000 167.5 18.0 25.1
30,000  18%4, 6.0 12.1

Vickers Hardness: As recelved - 273
After 1854 hours at 1200° F - 261
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Alloy H351 continued

STRESS~RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/8q 1in.)
(hr)
1 79,000
10 61,000
100 44,500
1000 32,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty

MACHINABILITY Metal turned and threaded without difficulty
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NACA
ALLOY H357
MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.
COMPOSITION 0.35% ¢, 0.60% s1, 1.5% Mn, 15.0% cr, 16.0% Ni,
25,0 Co, 5.0% Mo’
TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot was forged to a l%-inch round bar and then
rolled to a 3/4-inch round bar. Initial forging
temperature - 2000 to 21000 F, final rolling tem-
perature - 1350 to 1425° F, No subsequent heat
treatment.
HARDNESS 258 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Pronortional Reduction
ature strength (Lb,sq in.) 1imit Elongation of area
(°F) (1b/sa in.) 0.025  0.2%  (1b/sq in.) (% in 2 in.) (%)
80 133,250 68,500 92,500 45,000 25.5 19.9
132,000 68,500 88,250 45,000 29.0 33.4
1200 102,000 64,500 37,500 21.0 17.7
99,000 62,000 35,000 25.0 26.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area

(1b/sq 1n.) (hr) (% in 1 in.) (%)

90,000 0.65 15.0 15.5
80,000 2.33 12.5 13,7
54,000 41,5 8.0 12.2
42,000 97.0 7.0 15,6
40,000 238, 12.0 12,2
30,000 1801, 12.0 19.0

Vickers Hardness: As received - 304

After 1801 hours at 1200° F - 264
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Alloy H357 continued

STRESS~RUPTURE PROPERTIES AT 12000 F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
() -
1 88,000
10 62,500
100 45,000
1000 32,400

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Torged and yolled without difficulty

MACHINABILITY Metal turned and threaded without difficulty
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NACA
AILOY H479
MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc,
composTrIoN  0.35% ¢, 15.0% cr, 20.0% N1, 20.0% Co, 5.0% Mo
TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot wae forged to a 3/4~inch round bar, Initial
foerging temperature - 2000 to 2100° F, final forging
temperature - 1350 to 1425° ¥, No subsequent heat
treatment,
HARDNESS 263 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proporticnal Reduction
ature strength (1b/sq 1in.) limit Elongation cf area
(°F)  (1b/sq in.) 0.02% 0.2% (1b/eg in,) (% in 2 in.) _ {%)
80 125,0C0 73,000 93,750 30,000 21,0 34.1
125,750 74,000 94,700 30,000 - 23.0 36.0
1200 90,750 68,500 32,500 19.0 21.1
90,000 - 68,000 32,500 24.0 29.7

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation .cof area

(1b/sq in.) (hr) (% in 1 in.) (%)

80,000 1.67 10.0 25.6
70,000 7.38 7.0 8.5
50,000 45.0 5.0 4.2
37,000 422, 3.0 7.3
35,000 568, 6.0 10.2

Vickers Eardness: As received - 285

After 568 hours at 1200° F - 278




Alloy H479 continued

STRESS~-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1t/8q in.)
(hr)
1 86,000
10 . 62,000
100 45,000
1000 32,300

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged without’difficulty

MACHINABILITY Metal turned and threaded without difficulty

179




180

NACA
ALLOY H496
MANUFACTURER Union Carbide and Carbon Regearch Laboratories, Inc.

COMPOSITION  0.35% C, 15.0% Cr, 25.0% Ni, 10.0% Co, 4.0% Mo,
2.0% Cb, 0,08% N,.

TREATMENT Melted in an induction furnace; 30 to 35 pound heat,
Ingot was forged to a 3/4-inch round bar, Initial
forging temperature - 2000 to 2100° F, final forging
temperature - 1330 to 1425° F, DNo subsequent heat
treatment,

HARDNESS 233-224

TLNSILE PROPERTIES

Temper~ Tensile Yield stress Proportional Reduction
ature strength (1b/sq in.) Timit Elongation  of area
(°F) (1v/eq in.) 0.02%  0.2%  (1b/eq in.) (% 1in 2 in.) (%)

80 16,000 59,400 78,500 47,500 31.0 52.4

115,500 58,200 73,000 47,500 34.0 54.4
1200 83,000 54,000 35,000 21.0 24.9
78,500 55,000 35,000 22.0 35.0

STRESS-RUPTURE DATA AT 12000 F

Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) ($inl in.) (D)

72,000 1.28 18.0 28.8
687,000 1.39 18.0 35.4
£ 500 9,0 12.0 18.3
33,000 425, 6.0 8.5

Vickers Hardness: As receilved - 273
After 425 hours at 1200° F - 266



Alloy H495 continued

STRESS-RUPTURE PROPERTIES AT 12000 F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
_ ()
1 74,500
10 58,000
100 44,000
1000 34,000

COMMENTS SUPPLIED BY TEE MANUFACTURER

FORGEABILITY Forged without difficulty

MACHINABILITY Metal turned and thresaded without dilficulty
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NACA

ALLOY H414

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc,

COMPOSTTTON  0.35% ¢, 15.0% cr, 25.0% i, 16.0% Co, 5.0% Mo

TREATMENT Melted in an inductlion furnace; 30 to 35 pound heat.
Ingot was forged to a lé-inch round bar and then rolled
to a 3/4-inch round bar, Initial forging temperature =
2000 to 2100° F, final rolling temperature - 1350 to

1425° F, No subgequent heat treatment,

HARDNESS 290 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
ature strength (lbﬁsq in.L limit Elongation of area
(°F)  (1p/sq in.) 0.02% 0.2% (Ib/eg in.,) (P in 2 in.) __(H)

80 130,250 177,000 98,500 52,500 16.0 24.8

130,250 82,000 102,500 57,500 7.0 10.7
1270 94,750 72,000 30,000 11.0 14.1
91,250 72,500 25,000 19.0 28.5

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (% in 1 in.) (9

92,000 0.85 10.0 14.4
85,000 2.35 13.0 28.8
53,000 71.5 6.0 5.4
45,000 239, 8.0 10.2
40,000 328, 6.0 6.6

Vickers Hardness: As received - 286
After 328 hours at 1200° F - 270




-

."

Alloy H41l4 continued

STRESS~-RUPTURE PROPERTIES AT 1200° F
(Bstimated from plot of test data)

Time for Stress
rupture (1b/sq in.
(hr) :

1 90,000

10 75,500
100 54,000
1600 32,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty

MACHINABILITY Metal turned and threaded without difficulty
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NACA

ATIOY H353

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.

COMPOSITION  0.35% C, 0.60% S, 1,55 Mn, 15.0% Cr, 25.0% N1,
16,0% Co, 2.0% Mo, 3.0% W

TREATMENT Mslted in an induction furnace; 30 to 35 pound heat,
Ingot was forged to a li-inch round bar and then
rolled to a 3/4-inch rounéd ber., Initial forging tem-
perature - 2000 to 2100° F, final rolling temperature -
1350 to 1425° F, No subsequent heat treatment.

HARDNESS 255 Brinell

TENSILE PROPERTIES
Temper-  Tensile Yield stress Proportional Reducticn
ature ctrength (lb/aq in, ) limit Elongation of area

_{°F) (ib/eq in.) 0.0Z% 6.% (1b/sq in.) (% in 2 1in.) (%)

80 126,750 69,000 89,500 50,000 27.0 7.
129,375 75,000 95,000 7,500 26.0 37.6
1200 92,750 70,000 37,500 12.5 11.5
90,759 65,000 37,500 12.0 13,5
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of area

(1b/sq in.) (hr) (% in1 in.) (%)

82,000 0.12 18.0 21.2
70,000 0.55 18.0 21.0
60,000 2.73 22,0 28.7
42,000 69.0 20.0 26.7
35,000 153, 22,0 22.2
32,000 462, 13.0 9.0

Vickers Hardness: As received - 301

After 462 hours at 1200° F - 255
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Alloy E353 continued

STRESS~RUPTURE PROPERTIES AT 12000 F
(Estimated irom plot of teat data)

Tims for Stress
rupture (1b/8q in.)
) .

1 65,000

10 . 53,000

100 39,000

10¢0 28,700

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty

MACEINABILITY Metal turned and threaded without difficulty
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NACA
ATLOY H4l2
MANUFACTURER Unilon Carbide and Carbon Research Laboratories, Inc,

COMPOSITION  0.35% ¢, 15.0% cr, 25.0% ni, 16.0% Co, 2.0% Mo,
3.0¢ W, 1.5% Cb

TREATMENT Melted in an induction furnace; 30 to 35 pound heat,
Inget was forged to a li-inch round bar and then
rolled to & 2/4-inch round bar, Initial forging
temperature - 2700 to 2170° F, final rolling tem-
perature - 135D to 1425° F, No subsequent heat
treatment.

HARDNESS 269-281 Brinell

TENSILE PROPERTIES

Temper- Tensile Yisld stress Proportional Reducticn
aturs strength (lbésq in.) limit glongation of %rea
(°F)  (1b/eq in.) 0.025  0.2%  (1v/sq in.) (% in 2 in.) (%)
8C 129,375 77,000 101,000 47,500 20.0 32.0

132,500 85,500 1C8,800 62,500 16.5 32.4
1200 92,500 72,500 40,000 21.0 31.6
91,628 74,000 37,500 19.0 28.6

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
trees rupture  Elongaticn  of 3rea
(1b/sq in.) (hr) (% in 1 in.) (7)

80,000 1.35 21.0 31.9
74,000 2.15 10.0. 12,1
50,000 42,0 7.0 10.8
42,000 238, 9.0 12,1
37,000 401, 8.0 11.0

Vickers Hardness: As received - 306
After 401 hours at 1200° F - 239
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Alloy H412 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/my in.)
(hr)
1 83,000
10 60,000
100 44,000
10C0 32,400

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY TForged and rolled without difficulty

MACHINABILITY Mstal turned and threaded without difficulty
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NACA

ALLQOY E497

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.

COMPOSTIION  0.355 ¢, 15.0% cr, 25.0% N1, 20.0% Co, 4.0% Mo,

2.0% Ct, © L08% N,

TREATMENT Mslted in an induction furnace; 30 to 35 pound heat.
Ingot was forged to a 3/4 inch round bar, Initial
forging temperature - 2000 tc 21C0° F, final forging
temperature ~ 1350 to 1425° F, To subsequent heat
treatment,

HARDNESS 245 Brinell

TENSILE PROPERTIES

Temper- Tenaille Yield stress Proportiocnal Reduction

ature strength (1b/ g in, ) limit Elongation of area

_(°F) (idfeq in.) 0.02% 0.2% (ib/sq in.) (b inl in.) (%)

&0 123,250 1,500 81,600 47,500 24,0 34.0
123,000 4 30 78,000 45,000 26,0 3.7

1200 77,500 65,C00 37,500 24.0 41.5
88,250 63,000 35,000 24.0 37.8

STRESS-RUPTURE DATA AT 1200C F

Time for Reduction

Stress rupture Elongation of area

(1b/sq in.) (hr) (b in 1 in.) (%)

75,000 1.43 11.0 15.5
70,000 2,85 17.0 23.8
43,000 36.0 13.0 24.5
42,000  139.5 £.0 8.¢
35,000  395. 10.0 13.8

Vickers Hardness: As rsceived - 263

After 395 hours at 1200° F - 285

”



Alloy H497 continued

STRESS~RUPTURE PROPERTIES AT 12000 F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr) '
1 80,000
10 59,000
100 43,000
1000 31,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged without difficulty

MACHINABILITY Metal turned and threaded without difficulty

189



190

NACA
ALLOY H354
MANUFACTURER Unlon Carbide and Carbon Research Laboratories, Inc,

COMPOSTTION 0.35% ¢, 0.60% si, 1.5% Mn, 15.0% Cr, 25.0% Ni,
25.0% Co, 2.0% Mo, 3.0b W

TREATMENT Melted in an induction furnace; 30 to 35 pound heat,
' Ingot was forged to a 1l-inch round bar and then
rolled to a 3/4-inch round bar, Initial forging
temperature - 2000 to 2100° F, final rolling tem-
perature - 1350 to 1425° F, No subsequent heat
treatment.

HARDNESS 270 Brinell

TENSILE PROFERTIES

Temper- Tensile Yield stress Proportional Reducticn
ature strength (lbésq in,) 1limit Elongation of area
(°F) (1b/sg in.) 0.02%0 0.2%  (1b/sq in.) (% in 2 in.) (%)

80 137,250 75,000 100,000 45,000 23.0 41.3

137,250 82,500 103,000 57,500 20.0C 37.9
1200 97,500 70,700 40,000 22.0 30.8
105,000 70,000 35,000 16.0 17.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Streas rupture Elongation of area
(1b/sq in.) (hr) (% in 1 in.) (%)

95,000 0.18 14,0 23.3
90,900 0,27 12.0 15.5
75,000 1.88 12,0 15.5
50,000 55.5 16.0 13.7
42,000  114.5 15.0 15,7
40,000 113, 18.0 14.5
30,000 1238, 10.0 10.8

Vickers Hardness: As received - 325
After 1238 hours at 1200° F - 256
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Alloy H354 continued

STRESS~-RUPTURE PROPERTIES AT 12000 F
(Estimated from plot of test data)

Time for Stress
rupture (1b/8q in.)
(hr)
1 80,000
10 64,000
100 44,000
1000 31,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty

MACHINABILITY Metal turned and threaded without difficulty
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NACA
ALLOY B416
MANUFACTURFR Unicn Carbide and Carbon Research Laboratories, Inc,
. COMPOSTITION 0.55% ¢, 0.50% si, 1.5% Mn, lS.O%rCr, 5.0%‘Ni,

15.0% Co, 5.0% Mo~

TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot was forged to a l inch round bar and then rolled
to a 3/4 inch round bar Initial forging tempsrature -
2000 to 2100° F, final rolling temperature -~ 1350 to
1425° F. No subsequent heat treatment,

HARDNESS 269 Brinell

TENSTLE PROPERTIES
Temper-  Tensile Yield strsss Proportional Reduction
ature gtrength (1b/sg in.) limit Elongation of area

__(%F)_ (ib/seg in.) 0.02h 0.2% (b/sq in.) (B in2 in.) (%)

80 124,500 eo 500 81,000 42,500 23.0 31.3
126,500 79,000 96,000 52,500 15.0 18.8

1200 0,000 68,500 47,500 12,0 12.5
98,500 79,500 50,000 17.0 24.8

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongaticn of area

(1b/sq in.) (hr) (% 4in 2 in.) (%)

85,000 0.83 19.0 36.0
78,000 1,93 15.0 19.6
55,000 30.0 11.0 11.5
48,000 40.0 12.0 14.5
45,000 76.5 19.0 20.1
40,000 359, 9.0 12.1

Vickers Hardness: As received - 299

After 359 hours at 1200° F - 265
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Alloy H415 continued

FORGEABILITY

MACHINABILITY

STRESS~RUPTURE PROPERTIES AT 12000 F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 82,000
10 : 62,000
100 46,500
1000 35,000

COMMENTS SUPPLI¥D BY THE MANUFACTURER

Forged and rolled without difficulty

Metal turned and threaded without difficulty
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NACA

ATLOY H417

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.

COMPOSITION 0.35% ¢, 0.50% si, 1.5% Mn, 15.0% cr, 35,00 Wi,
16.0%b Co, 3.0% Mo, 2. o% W

TREATMENT Melted in an induction furnace; 3C to 35 pound heat,
Ingot was forged to a li-inch round bar and then
rolled to a 3/4-inch round ber. Initial forging
temperature - 2000 to 2100° F, final rolling tem-
perature - 1350 to 1425° F, No subsequent heat
treatment,

HARDNESS 256 Brinell

TENSILE PROFERTIES
Temper-  Tensile Yield strezs Proportional Reducticn
ature strsngth (lb/ in. ) limit Elnngaflon of area

(°F)  (ib/sq in.) 0,025  0.%  (1b/sg in,) (% in 2 in.) (%)

80 127,375 71,000 91,000 50,000 21.0 32.1
127,000 72,500 $8,C00 50,000 1.0 35.8

1200 94,125 71,500 35,000 12,0 16.3
96,125 75,900 30,700 13.0 15.56

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongatlon cf area

(1b/sq in.) (hr) (o in 1 in,) (%)

85,000 1.18 18.0 27.2
78,000 3.01 12.0 12.6
48,000 75.0 14.0 16.7
40,000 212, 14.0 11.5

Vickers Hardness: As received - 309

After 212 hours at 1200° F - 265




Alloy H417 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
{hr)
1 86,000
10 - 67,500
100 - 45,500
1000« 30,500

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty

MACHINABILITY Metal turned and threaded without difficulty
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NACA

ATLLOY H419

MANUFACTURER Union Carbide and Cerbon Research Laboratories, Inc.

COMPOSTI'TON o.ssg ¢, 0.50% s1, 1.5% Mn, 15.0% cr, 35.0% Wi,
25.0% Co, 5.0% Mo

TREATMENT Mslted in an induction furnace; 30 to 35 pound heat,
Ingot was forged to a 1i-inch round bar and then
rolled to a 3/4~iach round bar, Initial forging
temperature - 2000 to 2100° ¥, final rolling tem-
perature - 1350 to 1425° F. No subsequent heat
treatment.

HARDNESS 272-270 Brinell

TENSTLE FROPERTIES
Temper- Tengile Yield strems Propertional Reducticn
ature strength (1b/sq in.) limit Elongation of area

(°F) (1b/sq in.) 0.025  0.2% (ib/sq in.) (% in 2 in.) (%)

80 139,500  78,75C 102,000 55,000 19.0 32.7
137,875 76,000 8,000 50,000 20.0 31.7
1200 96,750 71,500 42,500 24,0 27.7
100,750 76,200 47,500 20.0 25.7

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of grea

(1b/sq in.) (hr) (b in 1 in.) (%)

93,000 1.27 17.0 21.7
85,000 3.23 6.0 12.1
50,900 52.0 13.0 15.8
50,000 81.0 18.0 19.4
46,000 171, 11.0 12.1
40,000 404, 5.0 7.3

Vickers Hardness: As received - 307

After 404 hours at 1200° F - 283




Alloy H419 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for Stress
rupture (1b/sq in.)
(hr)
1 95,000
10 76,000
100 50,000
1C00 33,700

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty

MACHINABILITY Metal turned and threaded without difficulty
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NACA

ALLOY

H418

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.

COMPOSITION 0.35% ¢, 0.50% 81, 1.5% Ma, 15.0% cr, 35.0% Ni,

25.0% Co, 3.0% Mo, 2.0h W

TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot was forged to a li-inch round bar and then
rolled to a 3/4-inch round bar, Initial forging
temperature - 2000 to 2170° F, final rolling tem-
perature - 1350 to 1425° F, No subsequent heat
treatment,
HARDNESS 273-272 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Reduction
ature strength {(1b/sq in.) limit Elongation of area
(°F) (1b/eq in.) 0.02h 0.2% (1b/sg in.) (% in 2 in.) (%)
80 141,250 85,000 108,500 62,500 21.0 36.1
135,500 78,500 1C1,250 50,000 15.5 31.2
1270 99,375 77,800 37,500 13.5 13.1
102,375 77,500 42,500 17.0 21.5

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1v/sq in.) (hr) (% in 1 in.) (%)

95,000 1.67 12.0 12.8
5,000 2.99 18.0 22,7
55,000 82.0 14,0 13,3
45,000 623. 6.0 7.8

Vickers Hardness: As received - 313
After 623 hours at 1200° F - 277




Alloy H418 continued

STRESS~RUPTURE PROPERTIES AT 1200° F
(Bstimated from plot of test data)

Time for Stress
rupture (1b/sq in.) .
(hr)
1 : 99,000
10 74,000
100 . 56,000
1000 43,000 .

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difflculty

MACHINABILITY Metal turned and threaded without .difficulty

-
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NACA

ALLOY H729 .

MANUFACTURER Union Carbide ‘and Carbon Research Laboratories, Inc.

COMPOSITION 0.25% ¢, 15.0% Cr, 24.0% wi, 3.0% Mo, 6.0% W,
.10% x,. S |

TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot was forged to a 3/4-inch round bar. Initial
forging temperature of about 2100° F, final forging
temperature about 1407° F, No subsequent heat
treatment,

HARDNESS 252 Brinell

TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Reduction
ature strength  (1b/eq in.) limit Elongation = of area

(°F)  (1b/eq in.) 0.02% 0.2k (1b/eq in.) (% in 2 in.) _ (%)

80 129,750 73,000 94,500 45,000 24.0 40.9
128,250 63,000 88,200 42,500 20.0 35.7
1200 86,000 63,750 42,500 18.0 ~31.9
84,500 65,000 42,500 20.0 36,3
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of area

(1b/sq in.) (hr) (% in 1 in.) %)

74,000 n.55 18.0 26.2
67,000 1.62 10,0 12.8
48,000 45.5 11.0 12.8
43,000  128.5 16.0 38.0
36,000  599.0 14,0 13,2

Vickers Hardness: As received - 273

After 599 hours at 1200° F - 241
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Alloy 4729 continued

STRESS-RUPTURE FROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
.rupture Stress
(hr) (1b/ea_in.)
1 70,000
10 58,000
100 - 44,000
1000 34,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged with difficulty.

MACHINABILITY Metal turned without difficulty but was
threaded with dlfflculty
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NACA

ALLOY H480

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.

COMPOSTTION  0.35% ¢, 20.0% cr, 20.0% Ni, 20.0% Co, 5.0% Mo

TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot wag forged to a 3/4-inch round bar. Initial
forging temperature -~ 2000 to 2100° F, final forging
temperature —1350 to 1425° F. No subsequent heat

treatment.

HEARDNESS 266-277 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield -stress Proportional Reduction
ature strength (lb/sq in.) limit Elongation of area
(°F) (1b/sq in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) '(%)

80 135,000  71,50C 102,500 35,000  13.0 32.1

134,000 67,000 98,000 40,000 20.0 32.7

1200 3,125 72,500 42,500 13.9 30.8
91,000 63,000 35,000 21.0

28.3

STRESS-RUPTURE DATA AT 1209° F

Time for Reduction

Stress rupture Elongation of area
(1b/sq tn.) (hr) (% in 1 in.) (%)
83,000 0.58 12.0 17.8
74,000 1.30 22.0 35.0
50,000 32.0 23.0 21l.c
42,000 142, 18.0 29.3
37,000 363, 20.0 31.3

Vickers Hardness: As received - 307
After 363 hours at 1200° F —291
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Alloy H480 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
- (Estimated from plot of test data)

Time for
rupture Stress
(hr) (1b/sg in.)
1 79,000
10 58,000
100 44,000
1000 32,400

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged without difficulty

MACHINABILITY Metal turned and threaded without difficulty
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NACA

ALLOY

H355

MANUFACTURER Union Carbide and Carbon Research Leboratories, Inc.

COMPOSITION  0.35% C, 0.60% Si, 1.5% Mn, 20.0% Cr, 25.0% Ni, 25.0% Co,

3.0% Mo

TREATMENT Melted in an induction furnace; 30 to 35 pound heat.

Ingot was forged to a lz-inch round bar and then rolled
to & 3/4-inch round bar. Initial forging temperature —
2000 to 21C0° F, finael rolling temperature - 1350 to
1425° F. No subsequent heat treatment.

HARDNESS 279 Brinell
TENSILE PROPERTIES
Temper- Tensile Y1eld stress 'Proportional : Reduction
ature strength (1v/sq in.) limit Flongation of area
(°F)  (1b/eq in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) (%§
80 138, 500 82,000 105,000 57,500 20.0 33.4
138,000 79,000 101,730 57,500 23.0 36.3
1200 92,750 70,300 40,000 20.0 22.3
92,875 68,000 35,000 19.0 27.1

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture g}ongation of 7;ea
(1b/sq in.) (hr) (% in 1 in.) (%)

90,000 1.15 22.0 27.7
82,000 2.76 20.0 25.0
50,000 96.0 -- 8.1
40,000  455. 6.0 7.2

Vickers Hardness: As received -338
After 455 hours at 1200° F — 300
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Alloy H355 continued

S?RFSS~RUPTURE PRCPERTIES AT 1200° F
(Gotimated from plot of teost data)

Tire for

ruphare Stress
_he) (1n/s5 in.)

1 91,000

10 _ 70,000

1C0 50,000

1GCO 35,000

COMMENTS SUPFLIFD BY THE MANUFACTURER

FORGEARILITY Forged and rolled without difficulty.

MATHINABILITY Metal turned and thresled without difficulty.
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NACA
ATLOY H413
MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.
COMPCSITION — 0.35% C, 0.5Ck 51, 1.5% 1, 20.0% cr, 25.0% Ni, 25.0% Co,
3.0% Mo, 1.80Cb
TREATMEIT Melted in an induction furnace; 30 to 35 pound heat.
Ingot was forged to 2 li-inch round bar and then rolled
to a 3/4~-inch round bar. Initial forging temperature -
2000 _to 2100° F, final rolling temcverature - 1350 to
1425° F. o sunuequent hzat treatment.
HARTNESS 317 Brinell
TINSILE PROPTPITZES
Temper- Tensile Yde]d et“ecg Pronortional Reduction
atvre strength (1b/3q in. 1linit glongutlon of grea
(°F)  (1b/sq in.) 0.0% 0. 2% (1o/sq in.) (P in 2z in.) ()
80 141,625 80,000 109,500 6z, 500 20.0 20,7
135,500 77,800 1C1,000 52,300 18.0 27.8
1200 91,125 72,500 42,500 19.0 29.3
94,250 76,500 G,000 21.0 29.5
STRES3-RUPTURE TATA AT 1200° F
Stress Time for Reduction
(1b/sq in.) rupture E}ongutlon of aroa
(hr) (%in 1 in.)
50,000 0.98 22.0 20.6
85,000 2.40 18.0 20.7
60,000 36.0 10.0 15.6
43,000 93.0 17.0 13.2
40,000 435 8.0 8.5

. Vickers Herdness:

As received —~ 317
After 435 hours at 1200° F - 286
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Alloy H413 continued

STRUSS-FUPTURE PROPERTIES AT 1200° F
{Estimated from plot of test data)

Time for

ruphturs Stress
() (1b/e3 in,)

1 20,000

10 72,000

100 50,000

1000 35,000

COMMENTS SUPFLIED BY THE MANUFACTURER

FORCEABILITY Torged and rolled without difficulty.

MACHINABILITY Metal turnsd and threaded withcut difficulty
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NACA

ALLOY H359

MANUFACTURZR Union Carbide and Certon Research Laboratories, Inc.

COMEOSITION  0.35% ¢, 0.60% S1, 1.5% Mn, 20.0% Cr, 25.0% Ni, 25.0% Co,
2.0h Mo, 3.0% W

TREATMENT Melied in an Induction furnace; 30 to 35 pound heat.,
Irgot was forged to a l%»inoh round bar and then rolled
to a 3/4-inch round bar. Initial forging temperature -
2000 to 2100° F, final rolling temperature — 1350 to
1425° F. To gubgequent heat treatment.

EARDNESS 244 Brinell

TENSILE PROPECTIES
Temper- Tensile Yield strecs Precnorsional Reduction
alure strength  (1b/sq in.) limit Elongation of ares

(°F)  (1b/sq in.) 0.02%  0.2% (ib/sq in.) (P in 2 in.) (D)

80 134,000 47,500 71,300 30,000 25.0 22.0
133,250 68,500 90,000 45,000 20.5 18.8

136,500 55,500 82,500 32,500 27.0 31.8

1200 94,000 61,250 37,500 16.0 15.2
94,000 62,050 35,000 15.0 13.0

STRESS-EUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture  Elongation of area

(b/ea 1n.) (wr) @ ta1in.) ()

88,000 1.0 16.0 15.5
84,000 1.6 20.0 35.0
55,000 37.0 13.0 14 .4
40,000 290. 11.0 13,3
30,000 1801. 5.0 18.6

Vickers Hardness: As recelved - 297

After 1801 hours at 1200° F — 289
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Alloy H359 continued

STERSS-RUPTURE PRCPERTIES AT 1200° F
(cstimated from plot of test data)

Tine for
rupture Stiess
{nr) (io/¢q in.)
1 843,000
10 67,000
120 47,000
1000 32,800

COMMINTS SUPFLIED BY THE MANUFACTURIR
FORGEABILITY Forged and rolled withcut difficulty

MACZINABILITY Metal turned and threadsi without difficulty
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NACA
ATLOY H439
MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc,

COMPOSTTION  0.35% C, 0.50% £, 1.5% Mn, 20,06 Cr, 30.0% Ni,
30.0% Co, 5.0% Mo ‘

TREATMENT Melted in an induction furnace; 30 to 35 pound heat,
Tngot was forged to a 3/4-inch yound bar. Initial
forging temperature - 2020 to 2100° F, final forging
temperature - 1250 to 1425° F. No subsequent heat
treatment.

HARDNESS 345-331 Brinsll

r ST T

Temper- Tensile Yield stress Proportional Reduction
ature strength (lgésq in.z limit Elonzation of area
(°F) (1b/sq in.) 0.02h  0.2%  {lb/sc in.) (% 1n 2 in.) _ (B)

80 155,000 91,000 115,500 50,200 23,0 29.4

169,570 103,750 145,000 50,020 15.0 27.8
149,780 78,000 100,000 50,000 30.0 37.7
1270 102,375 77,500 37,500 10,0 1z2.1
111,375 87,000 20,000 12,0 12.3

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction

Streas rurture Elongation of area
(ib/sq in.,) _ (hr) % in 1 in.) (%)
98,000 1.08 12,0 12.3
90,000 3.22 12,0 12.1
65,000 51.0 6.0 7.2
50,000 205, 9.0 10.3
44,000 453, 6,0 6.7

Vickers Hardness: As received - 355/396
After 453 hours at 1200° F - 328



Alloy H439 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
{hr) (1b/2q in.)
1 99,000
10 81,000
100 56,000
1000 38,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged without diff iculty

MACHINABILITY Metal turned and threaded without difficulty

211
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NACA
ATI0Y HB630%
MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.
COMPOSITION  0.20% ¢, 15.0% cr, 25.0% Ni, 4.0% Mo, 2.0% Cb, 0.105 N,.
TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot forged. Heated at 1850° F, air cooled. Reduced
31.98 5 by rolling at 1200° F to 3/4-inch square bar.
Rehoated for 3/4 hour at 1000° C (1832° F) and air
cooled. ' : '
HARDNESS 170 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Reduction
ature st’rength (1b/sq in.),} limit Elongation of area
(°F) (1b/sg in.) 0.02% 0.2p (ib/sg in.) (% in 2 1n.) (P
80 96,500 33,000 45,500 20,000 39.0 55.7
95,570 30,300 43,300 17,500 39.0 55.7
1200 67,000 30,000 17,500 36.5 53.8

STRESS-RUPTURE DATA AT 1200° F

Time for - Reduction '
Stress rupture Elongstion  of %rea
(%)

(1v/sq in.) (nr) (% in 1 in.)

59, 000 0.42 36.0 59.3
52,000 4.98 14.0 42.8
40,000 61.0 13.0 22.3
37,000  154.5 15.0 13.8
34,000  433.0 10.0 26.2

Vickers Hardness: As recelved — 184

After 433 hours at 1200° F — 263
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Alloy EB30 continued

STRISS-RUPTURE FROPERTIES AT 1200° F
(Zscimated from plot of test data)

Time for
rupture Stress
(hr) {(1v/sq in.)
1 59,000
10 47,000
100 25,000
1660 31,000

COMMENTS SUFPLIED BY TAE MaNUFASTURER

FORGEABILITY Forged without difficulty.

MACHINABILITY Metal turned and threaded without difficulty.

*Alloys H630 and H631 are from separate heats made to the same
composition and procecsed in the same wey except for the final
annealing treatment for £630.
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NACA

ALLOY HGSl* ‘

MANUFACTURER Union barﬁide end Cerbon Research Laboratories, Inc.

COMPOZITION  0.20% ¢, 15.0% cr, 25.0% Ni, 4.0% Mo, 2.0% Cb, .10% N,.

TREATMENT Melted in an 1nduction furnacs; 30 to 35 pournd heat.
Tngot forged. Heated at 1850° F, air cooled. Reduced

35.41% vy rolling at 1200° F to 3/4-inch square bar.
Stress relieved by heating through at 1200° F, air

cocled.
HARDNESS 256 Brinell
TENSILE PROPIRTIES
Temner- Tensile Yield-stress Proportional ‘ Reduction
ature strength (lbégq in.) limit Elongation of area
(°F) (1b/sq in.) 0.0z% 0.2 % (1b/sq in.) (% in 2 in.) ()
80 123,250 87,500 107,8C0 55,000 17.5 39.9
123,000 83,500 108,500 52,500 16.5 34.6
1200 84,500 77,800  52,5C0 16.0 39.7

STRESS-RUPTURE DATA AT 1200° F

Time fof Reductlion
Stress ruyture §;ongation of area
(1b/sy in.) (hr) (winl in.) (%)

76,000 0.47 18.0 35.0
66,000 1.48 17.0 43.2
40,000 93.5 8.0 27.1
36,000  208.0 3.0 3.7
32,000  531.0 3.0 8.5

Vickers Herdness: As received - 281
After 531 hours at 1200° F -~ 270
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Alloy H8631 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from piot of test data)

Time for
rupture Stress
(ar) (1v/sq in.)
1 69,500
10 53,000
100 40,000
10C0 30,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FCRCEABILITY .= Forged without difficulty.

MACHINABILITY Metal turned and thareaded without difficulty.

*Alliocys H630 and H631 are from heats made to the same
composition and proceaged in the szme way except Tor the final
anneeling treatment for HB30.

S w
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NACA
ALLOY HE24%
MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.
COMPOSTTION  0.35% ¢, 15.0% Cr, 16.0% mi, 16.0% Co, 5.0% Mo.
TRTATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot forged. Heated at 1850° F; air cooled. Reduced
26.14% by rolling at 1200° F to 3/4-inch square bar.
Reheated for 3/4 hour at 1000° C (1832° F) end eir
cooled. : ,
HARDNWESS . .. 221 Brinell
TENSILE PROPERTIES
Terper- Tensile vield stress Proportional Reduction
ature strength (lb/sq in.% limit longation  of erea
(°F)  (1b/sq in.) 0.02% 0.2/ (Ibjeq in.) (P in2in.)  (X)
80 1120,250 58,000 77,800 35,000 27.5 42.7
120,250 56,000 77,000 35,000 27.5 42
1200 73,750 52,000 22,500 29.0 47.7
STKESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress runture Elongation  of grea
(1b/sq in.)  {ar) (% in 1 in.) (%)
65,000 0.52 15.0 13,7
57,000 2.08 25.0 27.1
42,000 30.0 33.0 27.2
37,C00 127.0 32.0 42.7
30,000 868.5 18.0 20.2

Vickers Hardness:

As received = 245
After 868.5 hours at 1200° F — 235
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Alloy H624 continued

STRIS3~-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for _
rupture Stress
{(nr) (ib/sg in.)
1 62,C00
10 48,000
100 37,C00
1000 29,000

COMVENTS SUPPLIED BY THE MANUFACTURER

FORCEABILITY = Forged and rolled without difficulty.

MACHINABILITY Metal turned and threaded without difficulty.

anarate h
enarate !

eats made to the

*Alloys HE24 end EG25 are from s a e g
compcaition and processed in the same way except for the final

n
annealing treatment for 1524.



218

NACA

ALLOY HB25%

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.

COMPOSITION  0.3¢% ¢, 15.0% cr, 16.0% N1, 16,05 Co, 5.0% Mo.

TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Ingot forged. Heated at 1850° F, air cooled. Re-
duced 31,760 by rolling at 1200° F to 3/4-inch
square bar, Stress relieved by heating through at

1200° F air cooled,

HARDNESS 227 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
ature gtrength (Lb/sq in,L limit - Elongation of srea
(°F) (1b/eq in.) 0.02% 0.2+  (1b/sq in.) (b in 2 in) __ (D)

80 140,500 103,750 124,700 82,500 16.0 27.6

139,000 103,750 124,500 . 75,000 18.5 35.1
1200 93,250 82,800 52,500 15.5 34,7

STRESS-RUPTURE DATA AT 1200° F

Time for , Reduction
Stress rupture Elongation  of area
(1b/eq in,) (nr) (% in 1 in.) (%)

83,000 0,37 14.0 37,9
75,000 1.42 14.0 24.1
58,000 19.5 18.0 28.8
49,000 57.0 7.0 1.2
43,000  374.0 5.0 8.6

Vickers Hardness: As recelved - 296
ATter 374 hours at 1200° F - 292,
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Alloy E&25 continued

STRESES-RUPTURE PROPERTIES AT 1200° F
(Bstimeted from plot of test data)

Time for
ruptiure Stress
{hr) - (1b,/93 in.)
1 77,000
10 - 61,000
100 49,000
1000 _ 39,000

COMMINTS SUFFLIED BY TIE MANUFACTURER

FORGEABILITY TForged and rolled without difficulty.

MACHINABILITY . Metal turned and threaded without difficulty.

T A~ 'y

*¥Alloys H624 and H625 are from separate heats made to the same
composition and processed in the same way ‘except for the final
annealing trestment for H624.
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NACA
ALLOY Hez6%*
MANUFACTURER Union Cerbide and Carbon Research.Laboratories, Inc.
COMPOSTTION  0.35% ¢, 15.0% cr, 25.0% Ni, 25.0% Co, 5.0% Mo.
TREATMENT Melted in an induction furnace; 30 to 35 pound heat.
Tngot forged. Heated at 1850° F, air cooled. Reduced
29.83% by rolling at 1200° F £o 3/4-inch square bar.
Reheated for 3/4 hour at 1000~ C (1832° F) and air
cooled.
HARDNESS 212 Brinell
TEISILE PROPIRTIES
Temper- Tensile, Yield stress Proportional Reduction
ature strength (lbégq in.} limit Elongation  of area
(°F)  (1b/sq in.) 0.02% 0.2% (ibjsg in.) (¥in2 in.) (%)
80 118,000 46,500 62,400  25,0C0 32.0 40.7
115,250 44,800 58,100 30,000 24.5 23.8
1200 83,250 48,000 27,500 25.5 31.7
STRES3-RUPTURE DATA AT 1200° F
Tirce for Reduction
Stress rupsure  Elcagatlon ¢l &area
(1b/sq in.) inr) {%in 1 in.) (7§
74,000 0.27 20.0 17.8
62,000 0.98 18.0 18.3
40,GC00 48.5 17.0 20.2
35,000 133.0 8.0 24 .4
28,000 513.0 23.0 21.7

Vickers Hardness:

As received - 234
After 513 hours at 1200° F - 235
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Alloy H626 continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot' of test data)

Time for
rupture ) - Stress
(hr) (1v/sq in.)
1 64,000
10 - 52,000
100 ' 36,000
1000 25,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without di'ff»icul‘_oy.

MACHINABILITY Metal turned and threaded without Qifficulty.

*Alloys H626 and H627 are from separate heats made tc the same
composition -and processed in the same way except for the final
annealing treatment for HE26. ' o
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NACA
ALLOY H627%
MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc.
COMPOSITION . 0.35% C, 15.0%.Cr, 25.0% Ni, 25.0% Co, 5.0% Mo.
TREATMENT Melted in an induction furnace; 30 to 35 pound heatb.
Ingot forged., Heated at 1850° F, air cooled. Re-
. duced 23.45% by rolling at 1200° F to 3/4-inch square
bar. Stress relieved.by heating through at 1200° F,
air cooled. B
HARDNESS 300 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportional Reduction
ature strength (lbésq in,) 1imit Elongation of area
(°F). (1b/sq in.) 0.02k 0.2h (1b/sq in.) (3 in 2 1n.) (B
80 151,000 113,500 136,250 - 87,500 . . 15.0 30.9
152,000 ' 114,200 137,500 90,000 14,0 28.8
1200 107,000 89,500 50,000 10.0 19.7

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction

cy f “;'"jStréés*.“’rupture., Elongation of area

(1p/sqin.) _ (nr)  (Fin Idn.) _ (k)

31,8

92,000 0.33 16500

80,000 1.60 12.0 17.8
50,000 83.0 6.0 9.2
42,000  267.0 4.0 9,7
37,000  359.0 4.0 2.9

Vickers Hardness: As received - 301

After 359 hours at 1200° F - 281
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Alloy H627 continued

STRESS~-RUPTURE FROPERTIES AT 1200° F
(Bstimated from plot of test data)

Time for

ruf:ture IA Stress
) (tb/se in.)
1 83,000 |
10 o 70,000
1C0O 49,000
1000 32,000
COMMENTS SUFPLIED BY THE MANUFACTURER
FORGEABILITY TForged and rolled without difficulty.
MACHINABILITY Metal turned and threaded without diffiiculty.

g d H5327 are from separate heata melted to the same

comr osition and procegced in the game way except for the final -

gatment for HB26 :
\
\
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NACA

ALLOY Hez2s*

MANUFACTURIR Union Carbide and Carbon Research Laboratories, Inc.

coposITron  0.35% ¢, 15.0% cr, 35.0% N1, 25.0% Co, 5.0% Mo.

TREATMENT Melted in en induction furnace; 30 to 35 pound heat.
Ingot forged. Heated at 1850° F, alr cooled. Reduced

25.65/0 by rolling at 1200° F to 3/4-inch square bar.
Reolieated for 3/4 hours ab 1000° ¢ (1832° F) and air

cooled.
HARDNESS 228 Brinell
TENSILE PROPERTIES
Temver- Tengile Yield stress Proportional Reduction
ature strength  (lb/sq in.) 1imit Elongation of area

(°°) (1b/sq in.) 0.02% 0.2% (1b/sq in.) (%1n 2 in.) (B

80 122,000 47,800 59,500 32,500 29.0 29.7

121,500 44,000 59,400 27,500 33.0 42.1
1200 82,250 45,500 32,500 17.5 31.7

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupvure  Elongation  in area
(1b/sq in.) (br) (% in 1 in.) (%)

72,000 0.87 15.0 17.3
65,000 1.18 9.0 14.3
46,600 36.0 12.0 21.2
36,000  123.5 16.0 14.9
30,000  441.0 16.0 17.3

Vickers Hardness: As received - 235
After 441 hours at 1200° F - 255




228

Alloy H628 continued

STRE‘SS—RUTTURE PROPERTIES AT 1200° F
(Estimated from plot of test. data)

Time for . ,
rupture Stress
(hr) (1v/2q in.)
S " 69,000
10 59,000
100 39,000
1000 26,000

COMMENTS SUPFLIED BY THE MANUFACTURER

FORGEABILITY Forged with difficulty.

MACEINABILITY Metal turned without difficulty, but was threeded
with difficulty. .

*¥Alloys H628 and H£329 are from geparate heats made to the same
composition and processed in the same way except for the final
annealing treatment for H6E2S.
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NACA
ATLLOY HE25%
MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc,
COMPOSITION  0.35% ¢, 15.0% cr, 35.0% N1, 25.0% Co, 5.0% Mo.
TREATMENT Melted in an induction furnace; 30 to 35 pound heat,
Ingot forged. Heated at 18500 F, air cooled, Re-
duced 30.81% by rolling at 1200° F to 3/4-inch square
bar, Stress relleved by heating through at 1200° F,
air cooled.
HARDNESS 325 Brinell
TENSILE PROPERTIES
Temper-  Tensile Yield strzss Proportional Reduction
ature strength (Lb/sq in,) 1linit Elongation of area
(°F) (1b/sg in.) 0.05% 0.2%  (id/oq in.) (% in 2 1n,)  (B)
80, 160,500 122,500 145,000 95,000 12,0 25.3
160,500 123,000 144,000 ~ 100,000 12,0 29.3
1200 112,500 100,750 50,000 10.5 24,7

STRESS-RUPTURE DATA AT 12000 F

Time for Reduction
- Stress rupture Elongation of grea
(1b/sg in.)  {nz) (bin1 in,) {j0)
95,000 0.50 13.0 24.7
85,600 2.33 17.0 23.3
85,000 €6.5 8.0 12,1
48,000 156.0 3.0 2.4
40,000 437.5 2.0 8.5

Vickers Hardness: As received -~ 335

After 437.5 hours at 1200° F - 303
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Alloy H629 continued

STRESS-RUPTURE PROPERTIES AT 1200° ¥
(Estimated from plot of test data)

Time for
rupture ' Stress
(hr) (1b/aq in.)
1 91,000
10 76,000
100 51,000
1000 34,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY TForged with difficulty.

MACHINABILITY Metal turned without difficulty, but was threaded with
difficulty.

*Alloys H628 and H629 are from separate heats made to the same
composition and processed in the same way except for the final
annealing treatment for H628.
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NACA

ALLOY

N153 ~ Annealed¥

MANUFACTURER Universal-Cyclops Steel Corporation and Union

Carbide and Carbon LKesearch Laboratories, Inc.

COMPOSITION 0.35% ¢, 0.52b i, 1.76% dn, 16.20% Cr, 14.95% N1,

12.825 Co, 3.01% Mo, 2.15% W, 1.08% Cb, 0.070 N,

TREATMENT Mslted in an electric arc furnace, 600 pound heat

cast in 45-pound ingot. Hammer forged at 2075/
13500 F to 3/4-inch square bar. Air cooled after
1 hour at 2100° F,

HARDNESS 207 Brinell

TENGILE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
ature strength (1v/oq in, ) limit Elongation of area
(°F) (ib/eq in.) 0.02% 0.zh  (1v/sq in.) (P in 2 in.) _ (%)

80 120,000 37,500 58,000 20,000 39.0 46.6

119,375 38,500 57,000 20,000 36,0 43.0
1270 82,500 33,000 22,500 24.0 23,0
87,500 4,770 20,000 24,0 13.5

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (br) (%in 1 in.) __ (%)

78,000 0.23 18.0 19.0
65,000 4,40 9.0 21.2
50,000 84.5 S 20.2
45,000  271.0 7.0 14.4
40,000  651.0 11.0 15.6

. Vickers Hardness: As received - 238
After 651 hours at 1200° F - 263
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Alloy N153 — Annealed continued

' STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for

rupture Stress
(hr) (ib/sq in.)

1 72,000

10 62,000

100 . 50,000

1000 38,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty.

MACEINABILITY .Metal turned and threaded without difficulty.

*Alloys N153 — Annealed, N153 — Hot Worked, and N153 — "Cold" Worked
are from the same heat and differ only in processing.
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NACA
ALLOY N153 -~ Hot Worked*

MANUFACTURER Universal-Cyclops Steel Corporation and Union Carbide
and Carbon Research Laboratories, Inc.

COMPOSTTION  0.38% C, 0.52% 1, 1,78% Mn, 16,20% Cr, 14.98% N1,
12.82% Co, 3.01% Mo, 2,19% W, 1.06% Cb, 0.07% N,.

TREATMENT Melted in an electric arc furnace, 600 pound heat,
cast in 45-pound ingot, Hammer forged at 2075/
1600° F to 7/€-inch square bar, Heated 1 hour at
2100° F and air cooled. Reheated to 1700° F and
reduced in area 24.18% by rolling., Stress relieved
by heating through at 1200° F and air cocled,

HARDNESS 296 Brinell

TENSILE PROPERTIES

Temper-  Tensile Yield stress Proportional : Reduction
ature strength (1b/sq "in.) limit - Elongation of grea
(°F) (1b/sq in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) (%)

80 142,500 97,500 121,800 75,000 17.5 36,6

140,750 93,000 119,000 70,000 20.0 41.6
1200 92,750 82,500 45,000 16.5 42.2

94,000 . 82,500 . 45,000 16.5 38,2

STRESS~-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (% in 1 in.) (%)

83,000 0.97 16.0 40.4
78,000 2,97 8.0 16,1
58,000 66.0 10.0 20.1
50,000  161.0 16.0 25.6
45,000  419.0 8.0 20.1

Vickers Hardness: As rsceived - 318
After 419 hours at 1200° F - 277
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Alloy N153 — Hot Worked continued

STRESS~-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(nr) (1b/sq in.)
1 83,000
10 73,000
100 54,000
1000 40,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty.

MACHINABILITY Metal turned and threaded without difficulty.

*#Alloys N153 - Annealed, N153 — Hot Worked, and N153 — "Cold" Worked
are frcm the same heat and differ only in processing.
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NACA
ALLOY N153 - "Cold" Worked*

MANUFACTURER Universal-Cyclops Steel Corporation and Union Carbide
and Carbon Research Laboratories, Inc.

COMPOSITION  O. 38% .J.sz% s1, 1. 76% Mn, 16.20% cr, 14.98% N1,
12, 82% Co, 3.01% Mo, 2.19% w 1.06% Cb .07% No.

TREATMENT Melted in an electric arc furnace, 600 pound heat,
4S-pound ingot. Hammer forged at 2075/10000 F to
7/8-inch square bar. Heated 1 hour to 2100° F and
air cooled. Reheated to 1200° F and reduced in area
23,15% by rolling. Stress relieved by heating through
at 1200° F and air cooled.

HARDNESS 324 Brinell

TENSILE PROPERTIES

Temper- Tensile ~Yield stress Proportional Reduction
ature strength ' (1b/sq in.) limit longation  of area
(°F) (1b/sq in.) 0. 02% 0. 2% (1b/sq in.) (% in 2 in.) (%)

80 157,500 117,500 141,000 100,000 18.0 36.3

157,250 112,500 140,500 95,000 17.5 35.7
1200 110,000 95,000 57,500 13.0 31.1
104,750 88,750 50,000 o lz,0 7 27.5
'STRESS-RUPTURE DATA AT 12000 F
Time for Reduction
Stress rupture Elongation of area

(1b/sq in.) (br) (% in 1 in.) (%)

99,000 0.95 4.0 13.8
84,000 4.30 4,0 5.5
62,000 67.0 10.0 14.3
54,000  216.0 5.0 9.7
45,000  723.0 4.0 10.9

Vickers Hardness: As received - 329
After 723 hours at 1200° F - 313
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Alloy N153 — "Cold" Worked continued

STRESS- RUPTURE PROPERTIZS AT 1200° F
(Estimated from plot of test data)

Time for '
rupture Stress
(hr) (1b/sq in.)
1 90,000
10 80,000
100 60,000
1000 43,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty.

MACHINABILITY Metal turned and threaded without difficulty.

*Alloys N153 — Annealed, N153 — Hot Worked, and N153 - “Cold" Worked
are from the same heat and differ only in processing.
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NACA
ALLOY N154 - Annealed*

MANUFACTURER Universal-Cyclops Stesl Corporation and Union Carbide
and Carbon Research Laboratories, Inc.

COMPOSITION  0.32% ¢, 0.51% 51, 1.56% Mn, 16.17% Cr, 23.95% Ni,
20.95% Co, 3.06% Mo, 2.20% W, 1.03% Cb, .07% N,.

TREATMENT Melted in an electric arc furnace, 600 pound heat,
cast in 45-pound ingot. Hammer forged at 2075/
1340° F to 3/4-inch square bar. Heated 1 hour at
2100° F and air cooled,

HARDNESS 209 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
ature strength (1v/sq in.) limit Tlongation of area
(°F) (1v/sq in.) 0.02% 0.2% (1b/sq in,) (% in 2 in.) (D

80 120,000. © 36,000 57,000 17,500 35.0 40.5
119,000 38,200 54,500 17,500 36.5 44,1

1200 87,000 39,600 12,500 18.0 20.8
89,000 41,500 20,000 21.0 21.5

STRESS-RUPTURE DATA AT 1200° F

: Time for Reduction
Stress rupture Elongation of area
(1b/sq in.) (hr) (% 1in'1 in.) <%§

80,000 0.18 16.0 18.9
70,000 1.35 11.0 16.7
50,000 2.c 12.0 18.4
40,000  320.0 12,0 20.0
35,000 1061.0 12,0 21.2

Vickers Hardness: As rcceived - 238
After 1061 hours at 1200° F - 259
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Alloy N154 - Annealed continued

STRESS-RUPTURE PROPERTIES AT 1200° 7
(Estimated from plot of test data)

Time for

rupture Stress
(hr) (1v/sq in.) -

1 C 72,000

10 - 62,000

100 ’ 48,000

1000 35,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty.

MACHINABILITY Mstal turned and threaded without difficulty.

*Alloys N154 — Anneeied, N154 — Hot Worked, and N154 — "Cold" Worked
gre from the same hsat an? differ only in processing.
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NACA
ALLOY N154 - Hot Worked*
MANUFACTURER Universal-Cyclops Steel Corporation and Unlon Carbide
and Carbon Regearch Laboratories, Imnc,
COMPOSTITION 0,326 C, 0.65% Si, 1.58% Mn, 16,17% Cr, 23.95% N1,
20.95% Co, 3.06% Mo, 2.20% W, 1,03% Cb, 0.07%/N2.
TREATMENT Melted in an electric arc furnacé, 600 pound heat,
cast in 45-pound ingot., Hammer forged at 2075/
1600° F to 7/8-inch square bars, Heated 1 hour at
2100° F and air cooled. Reheated to 1700° F and
reduced in area 26.32% by rolling. ' Stress relieved
by heating through at 1200° F and air cooled.
HARDNESS 298 Brinell
TENSILE PROPERTIES
Temper- Tensile Yield stress Proportiocnal Reduction
ature sirength (1b/sq in,) limit Elongation of area
(9F) (1b/eq in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) (P
80 144,000 98,750 122,000 77,500 17.0 31.5
145,000 107,000 123,750 85,000 17.5 32.8
1200 98,500 85,000 47,500 15.0 31.5
101,000 90,000 45,000 16.0 31.1

STRESS~-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area

(1b/sq in.) (bar) (% inl in.) (%)

88,000 0.53 12,0 23.4
82,000 1.12 14.0 29.1
58,000 57.0 20.0 30.8
52,000  140.0 17.0 21.3
45,000  835.0 9.0 20.1

Vickers Hardness: As received - 297

After 835 hours at 1200° F - 277
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Alloy N154 — Hot Worked continued

STRESS-KUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(hr) - (1b/sq in.)
1 ST 83,000
10 ' 68,000
: 100 ' 54,000
- 1000 44,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty.

MACHINABILITY - Metal turned and threaded without difficulty.

*Alloys N154 — Annealed, N154 — Hot Worked, and N154 — "Cold" Worked
are from the same heat and differ only in processging.
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NACA
AILOY N154 - "Cold" Worked*
MANUFACTURER Universal-Cyclops Steel Corporation and Union Carbide
and Carbon Research Laboratories, Inc,
COMPOSITION  0.32% C, 0.65% 51, 1.58% Mn, 16,17% Cr, 23,95% N1,
20.95% Co, 3.06% Mo, 2.20% W, 1.03% Cb, 0,07% N,.
TREATMENT Melted in an electric arc furnace, 600 pound heat,
cast in 45-pound ingot. Hammer forged
at 2075/1600° F to 7/8-inch square bars. Heated
1 hour at 2100° F and air cooled. Reheated to 1200° F
and reduced in area 25.88% by rolling. Stress relieved
by heating through at 1200° F and air cooled.
HARDNESS 331 Brinell,
TENSILE PROPERTIES
Temper- Tenaile Yield stress Proportional Reduction
ature strength ~ (1b/sq in.) limit Elongation of area
(°F) (1b/eg in.) 0.02% ©c.2% (i1bv/sq in.) (% in 2 in,) (%)
80 164,000 124,000 147,500 105,200 14.0 29.1
164,500 136,500 163,000 105,000 13.0 28.8
1200 110,500 98,000 55,000 11.5 25,8
117,500 102,800 47,500 10.5 30.2
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction
Stress rupture Elongation of agrea
(1b/sq in.) (hr) (% in 1 in.) (%)
95,000 0.92 .0 22.3
86,000 2.43 0 16,7
58,000 102.0 0 7.3
52,000 164.0 0 7.3
45,000 573.0 0 8.6
Vickers Hardness: As received - 321

After 573 hours at 1200° F - 289




Alloy N154 "Cold" Worked continued

STPESS-FUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test dabta)

Time for
rupture Stress
(br) (1b/sq in.)
1 94,000
10 74,000
100 58,000
10C0 4z,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABITITY TForged and rolled without difflculty.

MACHINABILITY Metal turned and threaded without difficulty.

*Alloys N154 — Annealed, N154 — Hot Worked, and N154 — "Cold"

Worked are from the same heat and differ only in processing.

239
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NACA
ALLOY N155 - Annealed*
MANUFACTURER Universal-Cyclops Steel Corporation and Union Carbide
end Carbon Research Laboratories, Inc,
COMPOSITION  0.32% C, 0.59% Si, 1.54% Mn, 21.08% Cr, 20.80 Ni,
20.54% Co, 3.00% Mo, 2,168% W, 0.98% Cb, 0.11% N,.
TREATMENT Melted in an electric arc furnace, 600 pourd heat,
cast in 45-pound ingot. Hammer forged at 2075/
1320° F to 3/4-inch square bar., Heated 1 hour at
2100° F, air cocled.
HARDNESS 229 Brinell
TENSILE PROPERTIES
Temper- Tengile Yield stress Provortional Reduction
ature strength (lyésq in,) 1imit longation of grea
(°F) (b/sq in.) 0.0 0.2%  (1b/sq in.) (b in 2 1n.) (%)
80 127,500 37,000 63,500 25,000 37.0 37.5
128,000 40,500 63,000 20,000 35.0 38.0
1200 87,250 42,600 22,500 18.0 16.9
42,300 30,000 15.0 18.0

(1b/sq 1in.) (hr) (% in 1 in,)

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction
Stress rupture Elongation of area
@

)

77,000 0.57 15.0 20.5
70,000 1.72 12.0 13.2
50,000 157,0 10.0 17.2
45,000 308.0 15.0 18.9
40,000 828.0 18.0 22.3

Vickers Hardness: As received - 242

After 828 hours at 1200° F - 285
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Alloy N155 — Annealed continued

STRESS-RUFPTURE PROPERTIES AT 1200° F
(Estimated from plot of test dats)

Time for
rupture Streas
(hr) (1b/sg in.)
1 74,000
10 64,000
100 52,000
1000 39,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY TForged and rolled without difficulty.

MACHINABILITY Metal turned and threaded without diffiéulty.

e
are f om the same heat and

- Hnat I
-\ A

S - or
differ only

art

ked, and N155-— "Cold" Worked
in processing.
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NACA

ALLOY

MANUFACTURER

COMPOSITION

TREATMENT

HARDNESS

Temper=-
ature

(°r)

N155 - Hot Work

ed*

and Carbon Research Laboratories, Inc,

0.32% ¢, 0.59b 51, 1.54%
20.54% Co, 3.00% Mo, 2.18% W, 0.98

1600° F to 7/8-inch square bar.

2100° F and air

cooled, Reheated to 1700° F and
reduced in area 21,737 by rolling.

Hammer forged at 2075/

Universal-Cyclops Steel Corporation and Union Carbide
vn, 21.08% cr, 20.80b Ni,
% cb, 0.11% Ny,

Melted in an electric arc furnace, 600 pound heat,
cast in 45-pound ingot.

Heated 1 hour at

by heating through at 12000 F, air coocled.

334 Brinell

TENSTILE PROFPERTIES

Tensile Yield s
atrength (1v/sq
(1b/s0 in.) 0.02%

tress Propertional

in.) 1

imit

Elongation
0.25  (ip/sq in.) (% in 2 in.)

Stress relieved

Reduction
of grea
(%)

80

1200

158,000 110,500 1
160,500 108,000 1

107,500
106,500

35,000
38,500

92,500
93,750

90,000
85,000

47,500
52,500

STRESS-RUPTURE DATA AT 1200° F

Time for
Stress rupture Elongat

(1b/sq in.)  (hr)

(% in 1

Reduction

ion
in.)

of area

(%)

20,000 1.00 10.
84,000 3.27 14,
62,000 74,0 12.
54,000  212.0 8.

50,000  426.5
45,000 1295,

Vickers Hardness:

I
4.

eNoNoRoRONG

As received

- 336

34.0
29.8
22.3
12,1
10.9
10.9

28,5
28.8

30.8
28.5

After 1295 hours at 1200° F - 311
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Alloy N155 — Hot Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture . Stress
(ar) (1b/eq in.)
1 90,000
10 76,000
100 . 59,000
1000 46,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty.

MACHINABILITY Metal turned and threaded without difficulty.

*¥Alloys N155 — Annesled, N155 — Hot Worked, and N

9
‘‘‘‘‘ Ly SHATU Y cWile IV

are from the same heat and differ only in processing.

1y 1 -~
Ccld" Worked
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NACA
ATLQOY N155 - "Cold" Worked*

MANUFACTURER Universal-Cyclops Steel Corporation and Union Carbide
and Carbon Research Laboratories, Inc, -

COMPOSITION 0.32% C, 0.59% Si, 1.54% Mn, 21.08% Cr, 20.80% N1,
20.54% Co, 3.00% Mo, 2.18% W, 0.98% Cb, 0.11% N,.

TREATMENT Melted in an electric arc furnace, 600 pound heat,
cast in 45-pound ingot, Hammer forged at 2075/
16700 F to 7/8-inch square bar, 'Heated 1 hour at
2100° F and air cooled. Reheated to 1200° F and
reduced in area 25,62% by rolling. Stress relieved
by heating through at 12000 F, air cooled.

HARDNESS 349 Brinell

TENSILE PROPERTIES

Temper-  Tensile Yield stress Proportional o Reduction
ature strength (1b/sq in.) limit’ Elongation of area
(°F) (1b/sq in.) 0.02% 0.2% (1b/eq in.) (% in 2 in.) (%)

80 167,000 125,000 150,500 105,000 13.0 29.8

169,500 125,000 182,500 102,500 14,0 30.8
1200 117,000 98,750 52,500 12.0 24.8
118,750 95,000 47,500 11.0 26,5

STRESS-RUPTURE - DATA AT lZOOQ;F

Time for Reduction

Stress rupture Elongation of area
(1b/sq in.) (hr) (% in 1 in.) (%)
98,000 .88 8,0 13.3
88,000 3.32 £.0 6.2
62,000 130.0 4.0 6.2
56,000 443,0 4.0 8.5
54,000 202.5 2.0 1.3
1,000 352.5 5.0 3.7
45,000 1249. 2.n 9.7

Vickers Hardness: As received - 341
After 1249 hours at 1200° F - 310
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Alloy N155-— "Cold" Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(hr) (1b/sq in.)
1 - 99,000
10 80,000
100 63,000
1000 46,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged and rolled without difficulty,

MACHINABILITY Metal turned and threaded without difficulty.

ary AT e

*¥Alloys N1S5 ~ Annesled, N155 - Hot Worked, and N155 "Cold" Worked
are from the same heat and differ only in processing.
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NACA
ALIOY N156 -~ Annealed*

MANUFACTURER Universal-Cyclops Steel Corporation and Union Carbide
and Carbon Research Laboratories, Inc.

COMPOSITION  0.33% ¢, 0.57% s, 1.48% Mn, 15.66% Cr, 33.25% N1,
23.69% Co, 3.02% Mo, 2.10% W, 1,03% Cb, 0.04% N,.

TREATMENT Melted in an electric arc furnace, 600 pound heat,
cast in 45-pound ingot. Hammer forged at 2075/
13400 F to 3/4-inch square bar, Heated 1 hour at
21000 F and air cooled.

HARDNESS 208 Brinell

TENSILE PROPERTIES

Temper- Tensile Yield stress Proportional Reduction
ature strength (lb/sq in.) limit Elongation of area
(°F) (1b/sq in.) 0.02% 0.2% (1b/sq in.) (% in 2 in.) (%)

80 124,000 37,500 57,000 20,000 37.0 37.8

122,750 37,500 56,500 25,000 35.0 44,1
1200 89,000 41,000 27,500 16.0 19.3
87,250 43,000 32,500 15.0 16,1

STRESS-RUPTURE DATA AT 1200° F

Time for Reduction

Stress rupture Elongation of area
(1v/sq in.) (hr) (% in 1 in.) (%)
77,000 1.33 12.0 18.2
70,000 5.43 10.0 12.5
50,000 9C.0 16,0 23,5
40,000 333.0 9.0 13.2
37,000 1885.0 7,0 14.8

Vickers Hardness: As received - 238
After 1885 hcurs at 1200° F - 264
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Alloy N156 ~ Annealed continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(BEstimated from plot of test data)

Time for
rupture Stress
(hr) (1b/sq in.)
/ 1 79,000
10 67,000
100 49,000
1000 33,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged with difficulty.

. MACHINABILITY Metal turned without difficulty but threaded with
| C ‘ : difficulty.

*Alloys N156 - Annealed, N156 — Hot Worked, and N156 — "Cold" Worked
ere from the same heat and differ only in processing.
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NACA
ALLOY N156 - Hot Worked*
MANUFACTURER Universal-Cyclops Steel Corporation and Union Carbide
and Carbon Research Laboratories, Inc,
COMPOSTTION  0.33% ¢, 0.57% 1, 1.48% Mn, 15.66% Cr, 33. 23% N1,
23 89 Co, 3.72% Mo, 2.10% W, 1.03% cv, O. 04 No.
TREATMENT Melted in an electric arc furnace, 600 pound heat,
cast in 45-pound ingot., Hammer fcrged at 2075/
1600° F to 7/8-inch square bar. Heated 1 hour at
21000 F.and air cooled., Reheated to 1700° F and
reduced . in area 26,32% by rolling. Stress relieved
by heating through at 1200° F and air cocled.
HARDNESS 303 Brinell
TENSILE PROPERTIES
Temper~- Tensile Yield stress Proportional Reduction
ature strength (1v/sq ln,} limit Elongation  of area
(°F) (1b/sq in.) 0.02% 0.2%  (1b/sq in.) (% in 2 in.) (%)
80 146,250 105,500 125,900 82,500 18.5 36.0
148,000 103,500 124,000 82,500 18.5 36.0
1200 106,625 92,500 42,500 16.0 29.5
STRESS-RUPTURE DATA AT 1200° F
Time for Reduction -
Stress rupture Elongation of area
(1b/sq in.) (br) ($in 1 in.) (%)
90,20Nn 0,92 12,0 23.8
84,000 2.43 14,0 29.3
60,000 66.0 20.0 24,9
52,000 171,00 11.0 24,5
45,000 810.0 3.0 8.5
Vickers Hardness: As recelved - 283
After 810 hours at 1200° F - 291
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Alloy N156 — Hot Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(hr) (1b/sq in.)
1l 91,000
10 72,000
100 56,000
1000 44,000

COMMENTS SUPPLIED BY THE MANUFACTURER
FORGEABILITY Forged with difficulty.

MACHINABILITY Metal turned without difficulty but threaded with
¢ ' difficulty.

*A1loy N156 — Annealed, N1.56 — Hot Worked, and N156 — "Cold" Worked
are from the seme heat and differ only in processing.

i
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NACA
ALLOY N156 - "Cold" Worked*

MANUFACTURER Universal-Cyclops Steel Corporation and Union Carbide
and Carbon Research Laboratories, Inc.

COMPOSIIION  0.33% ¢, 0.57% 81, 1,28% Mn, 15.656% cr, 33.23% Ni,
23.89% Co, 3.02% Mo, 2.10% W, 1.03% Cb, 0.04% N,.

TREATMENT Melted in an electric arc furnace, 600 pound heat,
cast in 45-pound ingot. Hammer forged at 2075/
1600° F to 7/8-inch square bar. Heated 1 hour at
21000 F and air cooled. Reheated to 1200° F and
reduced in area 24.24/ by rolling. Stress relieved
by heating through at 1200° F and air cooled.

HARDNESS 338 Brinell

TENSITLE PROPERTIES

Temper- Tenslle Yield stress Proportional Reduction
ature strength (lb/sq in,) 1limit Elongation of area
(oF) (1v/sq in.) 0.02% 0.2%  (Ib/sq in.) (% in 2 in.) (%)

8¢ 1£8,750 130,500 153,800 107,500 14.5 33.7
168,000  123,00C 149,000 102,500 3.0 29.5
1200 119,750 110,000 57,500 10.5 22.7

STRESS~-RUPTURE DATA AT 12000 F

Time for Reduction

Stress rupture Elongation of area
(1b/sq in.) _(br) (%in1 in.) (P
98,000 1.17 1n.n 23.3
83,000 3.38 10,0 21.8
69,200 78.0 5.0 8.6
53,070 236.0 4.0 6.2
45,000 770.0 2.0 7.3

Vickers Hardness: As received - 351
After 770 hours at 12000 F - 320
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Alloy N156 - "Cold" Worked continued

STRESS-RUPTURE PROPERTIES AT 1200° F
(Estimated from plot of test data)

Time for
rupture Stress
(nr) (1b/sq in.)
1 99,000
10 78,000
100 59,000
1000 44,000

COMMENTS SUPPLIED BY THE MANUFACTURER

FORGEABILITY Forged with difficulty.

MACHINABILITY Metal turned without difficulty but threaded with
difficulty.

*¥Alloys N156 - Annealed, N1S56 - Hot Worked, and N156 - "Cold" Worked
are from the same heat and differ only in processing.
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ABSTRACT:

The physical propertles of 120 samples of metal alloys, representing 68 different composiiions are

discussed in regard to thelr sultabillty as turbosupercharger wheel materials. Data include chem-

ica) composition, fabrication procedure, tensile-lest and hardness values at room temperaiure, and

tenslle and rupture -test characterlstics at 1200°F. Sheets give chemical analyses, processing pro-
cedures, hardness values, yieid strengths at room temperature and stresses for rupture In 100 and

1000 hours at 1200° F. of varlous alloys, thus permitting comparlson of propertles.
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